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Lin, H o n g  M . S. M a y , 1989 P h y s i c s
D e s c r i p t i o n  and A p p r a i s a l  of M e t h o d s  of C a l c u l a t i n g  the -è — 
e f f e c t  c o r r e c t i o n  (90 pp.)
D i r e ct o r ;  L e o n a r d  E. Per ter
The B a r k a s  e f fe ct  in the s t op p i n g  p ower f ie ld  d e a ls  w ith  
the — c o r r e c  t i on for a p r o j e c t i l e  of s p e c i f i e d  a t o m i c
n u m b e r , z . S e ve r al  a r t i c l e s  on this s ubject, such as J. C. 
A s h l e y ' s  papers, J. D. J a c k s o n  and R. L. M c C a r t h y ' s  p a p e r , 
and S. H. M o r g a n  and C. C. S u n g ' s  p ap er  w e r e  v a lu a b l e.  
T h e s e  a u t h o r s ' d i f f e r e n t  m e t h o d s  of a p p r o a c h i n g  the z —
c o r r e c t i o n  w e re  c o mp ar ed ; theq their f o r m u l a s  w er e u sed to 
c a l c u l a t e  the v al u es  of the z^ — c orrec t ion term for d i f f e r e n t  
t arget m a t e r i a l s  —  ch e mi ca l e l e m e n t s  f ro m  1 to 18 —  as the 
p r o j e c t i l e  v e l o c i t y  v a r i e d  f ro m 3 x 10' m / s to 1 x 10 m/s.
T h e  r e s u l t s  c a l c u l a t e d  from these t h r ee  f o r m u l a s  w e r e
c o m p a r e d  w ith the e x p e r i m e n t a l  d at a : in the l o w - e n e r g y  r a n g e
(i. e ., b e t w e e n  O.S M e V  and 4 .5 M e V ), A s h l e y ’s m e t h o d  b es t  
f it s  the e x p e r i m e n t a l  d a t a , in the h i g h - e n e r g y  r a n ge  <i. e ., 
b e t w e e n  4 . 5  M e V  and 2 0 . 0  MeV), M o r g a n  and S u n g ’s m e t ho d  b e st  
f it s  the e x p e r i m e n t a l  data.
This^ thesis p r o v i d e s  a s u b s t a n t ia l  n u mb er  of c h a r t s  for 
the z'^— c o r re c  t i o n term , w hi ch  will a s s is t  r e s e a r c h e r s  in
this field. It also p r o v i d e s  e n e r g y — v e l o c i t y  c o n v e r s i o n  
c h a r t s  and tables for p r o t o n  and oc-particle p r o j e c t i l e s  for 
(3— v a l u e s  f rom 0.001 to 0.300.
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C H A P T E R  I 
I N T R O D U C T I O N
In the e a r ly  d ay s  of this c e n t u r y , w h e n  cx-rays and /3 — 
rays b e c a m e  a va ll a bl e ,  m an y  s c i e n t i s t s  w e r e  interested in 
s t u d y i n g  a new p h e n o m e n o n :  w h i l e  c ha rg e d  p a r t i c l e s  p e n e t r a t e  
ma tter, their v e l o c i t y  d e cr ea s e s . S c i e n t i s t s  tried to g e t
s om e  h i n t s  f rom this p h e n o m e n o n  to d i s c o v e r  what is r e a l l y  
i ns i de  the atoms.
The first a tomic model was g i v e n  by Sir J. J. T h o m s o n
in 1903. He v i s u a l i z e d  an a to m as a s p h e r e  of p o s i t i v e l y  
c h a r g e d  m a s s i v e  m aterial w i th  a m u l t i t u d e  of tiny e l e c t r o n s  
s p r e a d  t h r ou g h o ut  its body, and e l e c t r o n s  w i t h i n  the a t o m
w e r e  s u pp os e d to be at rest at c e r t a i n  e q u i l i b r i u m
p o s i t i o n s .  L a b o r i o u s  c a l c u l a t i o n s  w ere c a r r i e d  out in the 
a t t e m p t  to c o r r e l a t e  the v i b r a t i o n  f r e q u e n c i e s  of d i f f e r e n t  
e l e c t r o n i c  c o n f i g u r â t  ions with the o b s e r v e d  line s p e c t r a  of 
v a r i o u s  c h e m ic a l e l em en ts , but this work was in vain.
A ft e r P r o f e s s o r  E. R u t h e r f o r d ' s  work on the s c a t t e r i n g
of ‘-x-rays by m at t er  in 1911, a new model w a s  e s ta b l i s h e d .
The model is that the a t o ms  of m a tt er  a re s u p p o s e d  to
c o n s i s t  of a c l u s t e r  of elec trons kep t t o g et h er  by the f or ce
1
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of a t t r a c t i o n  from a n u cleus; this nucleus^ w hich p o s s e s s e s  
a p o s i t i v e  c h a r g e  equal to the sum of the n e g a t i v e  c h a r g e s  
on the e le ct r on s ,  is f u r t h e r s u p p o s e d  to c o n s t i t u t e  most of 
the m as s of the atom, and to have d i m e n s i o n s  which are
e x c e e d i n g l y  small c o m p a r e d  w ith the d i m e n s i o n s  of the atom.
In 1913 and 1915, b a s e d  on the R u t h e r f o r d  model, N. 
Bohr p u b l i s h e d  his first two a r t i c l e s  a b o u t the d e c r e a s e  of 
v e l o c i t y  of m oving e l e c t r i f i e d  p a r t i c l e s  in p a s s in g  t hr ou g h  
/natter [1,2]. He g a v e  the first d e f i n i t i o n  of s t o p p i n g  
power —  e n e rg y  loss in c o l l i s i o n s  —  and d e r i v e d  the 
f o r m u l a  to c a l c u l a t e  the s t o p p i n g  power. He used an impact 
p a r a m e t e r  to c h a r a c t e r i z e  the transfer of e n e r g y  f ro m the 
incident p a r t i c l e  to the e l e c t r o n s  of the target m a te r ia l.
S i n c e  the Bohr m e th o d  w as a c l a s s i c a l  method, his
theory had limited a c c u r a c y  and a p p l i ed  o ve r o nl y  a limited 
r a n g e of p r o j e c t i l e  e n e r g i e s.  F r o m  1930 to 1933, H. Be the 
and F. Bloch d e v e l o p e d  a n o t h e r  a p p ro a ch  w ith their q u a n t u m
m e c h a n i c a l  m e th o d  [3]. They used a f i r s t - o r d e r  q u a n t u m  
m e c h a n i c a l  a p p r o a c h  c h a r a c t e r i z e d  by m o m e n t u m  t r ansfer to 
c a l c u l a t e  the s t o p p i n g  power. In their formulas, the
s t o p p i n g  p o w e r , S (to be d e f i n e d  l a t e r >, is a f u n c t i o n  of 
the s t o p p i n g  n u m b e r , L (to be d e f i ne d  later): [ 3 - f (L ) J.
The s t o p p i n g  number c a n  be e>;panded into three basic terms 
CL = L +- zL + L ;]. The first term of the s t o p p i n g  number-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
is a f u n c t i o n  of the s q u a r e  of the p r o j e c t i l e  a t om ic  n u m b e r ,
the s e co nd  term the c u b e  of the p r o j e c t i l e  a tomic n u m b e r ,
and the third term the f ourth power and h i g h e r  e ven p o w e r s
of the p r o j e c t i l e  atomic number. tiowadays, w h e r e a s  the
third term was i n di sp ut ab ly  e s t a b l i s h e d  by F . Bloch in 1932, 
the first and s econd terms are still the su b je ct  of d e b a t e  
among p h y s i c i s ts .  The s econd term is c a l l e d  the Bar k as —
effect c or r e c ti o n,  w hich is the c o r r e c t i o n  of the term
r el a t ed  to the c u be  of the p r o j e c t i l e  a tomic n u m b e r .
In 1956, the B a r k a s  e ff ec t was o b s e r v e d  by e x p e r i m e n t  
[4]. The e x p e r i m e n t  s h o we d  that slow n e g a t i v e  h y p e r o n s  lose 
e n e r g y  at a slower rate than do p o s i t i v e  p a r t i c l e s  at the 
same velocity.
In 1F 6 3 , a r e p r e s e n t a t i  ,e r e vi e w  a r t i c l e  was p u b l i s h e d  
by U. F ano [31. S in ce  then, manv a r t i c l e s  n a v e  b e e n  w r i t t e n  
and many e x p e r i m e n t s  h a v e  b ee n  done C 5 , a ,7,S ] . For the 
c o r r e c t i o n  of the term ■ e i a ted to the c ube of the
p r Q j e c t i 1e — a t o mi c - n u m b e r  term, t he or et ic al  work has b e en  
d o n e  by J. C. Fsnley, A . H. R i t c h i e  and W . B randt
[ 9 , 1 0 , 1 1 , 12J; by S. H. M o r g a n  and C. C. Sung C13 1; and by i. 
D. Jack so n and R . L . hlrCartliy C 1 J . These g r o u p s  used
d i f f e r e n t app roacTies to c a l c u l a t e  the s ec o nd term o f i r, e
s t o p p i n g  number . . ,h, i ch i nc luces tne z" - c or r ec ti o n.
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T hi s  p ap e r c o m p a r e s  t hose a u t h o r s ’ d i f f e r e n t  m e t h o d s  o r 
a p p r o a c h  i ng the =' - c o r r e c t i o n  by u s in g their for mu la s to 
c a l c u l a t e  the values of  the 2 ^ - c o r r e c t i o n  term for d i f f e r e nt  
target m a t er ia l s.  By a dd i ng  the term to both the first term 
value, w hich is p r o v i d e d  by Dr. L. E. P o r t e r ' s  new m ethod of 
c a l c ul a t i o n ,  and to the third t e r m ’s i n d i s p u t a b l e  value, we 
c an c a l c u l a t e  the s t o p p i n g  power, and then c:ampa.rs it with 
e x p e r i m e n t a l  data.
T hese c a l c u l a t i o n s  w e r e  d on e  for two k inds of
p r o j e c t i l e s  (pro tons and a l ph a  p a r t i cl e s)  on each of 18
target m a t e r i a l s  (chemical e l e m e n t s  with a t om i c n u m b e r s  1 to 
18 ) .
The a n a l y s i s  of these d ata was d o n e  with the aid of 
c o m p u t e r  p r og r a m s  w r i t t e n  by the author. T h es e F O R T R A N  
progi'ams, shown in A p p e n d i x  I, are b ased on the p a r a b o l i c
i n t e r p o l a t i o n  m e t ho d  and the least s q u a r e s  m et ho d  and u se
the t e c hn o lo g y  of g r a p h i c s .
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C H A P T E R  II 
t h e o r y
The s t o p p i n g  p o w e r , St in u ni ts  of M e V - cm' / g , of a 
m a te r i a l is d e f i n ed  by
1 dE 
p d X
H e r e  p is the d e n s i t y  of the target m a t e r i a l  in q/cnf , and 
dE/d X is the a v e r a g e  r ate of e ne r g y  loss of the p r o j e c t i l e s
per unit path length in M e V / c m .
By the theory of Be the-Bloch [3], the f or mu l a of
s t op p i n g  power c a n  be d e r i v e d  as
4 TT e ' N ,. z ' ZL
S = --------------------  (2)
me ~(f A
w h e r e  the q u a n t i t y
Arre’̂N .
------ - z 0 . 3 0 7 0 8
me '
w h e n  S is g i v e n  in M e V - cm" /g. The symoo i s in the s t o p p i n g  
p ower f o r m u l a  r e p r e s e n t  the f o l l o w i ng  q u a n t i t i e s :  
e ■= e l e c t r o n i c  c h a r g e
N = A v o g a d r o ’s n um be r
m = rest m a ss  of e l e c t r o n
c = the speed of light in vacuum
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(i = v/c = v e l o c i t y  of p r o j e c t i l e  / v e l o c i t y  of light
z ~ c h a rg e  of i ncident p a r t i c l e  in u n i t s  of e
Z = a tomic nuinber of target m a te ri al
A = atomic w e i g h t of target ma te ri al
L = s t o p p i n g  number per target e l ec t ro n .
The s t o pp i ng  n u mber per target e l e c t r o n  c o n s i s t s  of
t hree terms that c o n t a i n  all of the u n d e t e r m i n e d  p a r a m e te r s . 
L = L (A) + zL.(A) + (3)
The first term in E g . (3), L -, that d e r i v e d  from b a s i c
B e t h e - B  loch theory [ 1C», 12] , is g i v e n  by
L . = f(a> -  i n ( i )  - z c , / z  - s/a, ( 4 )
i
w h e r e
f ( M ) -■= I n C 2 m c - fr / ( i -fi ' > J - i3 - . < 5 )
These s y m b ol s  r e p r e s e nt  the f o ll o wi ng  q u a n t i t i es :
m e"  = r e s t - m a s s  e n e r g y  of the e l e c t r o n  
I = mean e x c i t a t i o n  energy'
J = high v e l o c i t y  d e n s i t y  effect c o r r e c t i o n
= shell c o r r e c t i o n  for the i shell 
w h e r e  i = K r ef er s to the t - s he  11 e l e c t r o n s ,  i - L r ef e rs  to
the L — she 11 e l e c t r o n s ,  etc. The shell c o r r e c t i o n s  are
o b t a i n e d  with the sum [15]
ZC , = B .C ia~ '> + V C; < H (3 -) + V , c. >'H,. ,3- ■' + V C ( H ,.f ) , ( 6 ,
L'Jher e C- and C are tne K- and L - s h e ll  c o r r e c t i o n s
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c a l c u l a t e d  by W a l s k e  C 16,17], and c o r r e c t i o n s  far M and N 
s h e l l s  a re taken to be of the same f or m as the L -sheii 
c o r r e c t i o n  with a d j u s t a b l e  s c a l i n g p a r a m e t e r s  a p p e a r i n g  in 
t r a n s pa re nt  notation.
S i n c e  the e x p e r i m e n t a l  d at a  of the incident p a r t i c l e  
r a r e l y  g oe s  up to 20 M e V , the e n e r g y  r a n g e  b e t w e e n  0 .5 MeV 
and 2 0, 0 MeV of the incident p a r t i c l e  h a s  b een c o n s i d e r e d
h e r e .
In this paper, L- was c a l c u l a t e d  by Dr. L . E . P o r t e r
with a d v a n c e d  m e t h o d s  f r om  his recent work [18].
The third term in E q . (3) , L; , was g i v e n  by Bloch [19]
as
L y ) = ^   ̂> - Re [ 1 +■ i y ) ] , < 7 )
w h e r e  y = zoi/(lt with cx the f i n e — struc ture c o n s t a n t ,  and is 
the logar i th mi c d e r i v a t i v e  of the g a m m a  f u nc t i o n  [20]. This 
term can be  r e p r e s e n t e d  by the series E20J,
CD
l_ ,( y ) = -y - S J ■' ( j - + y - ) , < a >
and t h e r e f o r e  is a l w a y s  n e gative. For y" < 1, Lr, c an be
a p p r o x i m a t e d  to w i t h i n  0 . 4%  by the f u n c t i o n  [21],
L -,(y) = -y -[ 1 . 2 02 Oô -y  - ( I . 0 4 2 - 0  . 8 5 h 9 v --̂ O . 343y O  ] . ( 9 )
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The s e cond term in E q .(3), , w as added as a
c o r r e c t i o n  to the s t o p p i n g  number in o r d e r  to a cc ou n t  for 
the d i f f e r e n t  r ates at w h ic h p o s i t i v e  and n e g a t i v e  p io ns  
lose e n e r g y  w he n  t r a v e r s i n g  m a tt er  C6J. T he f arms of L; 
vary w ith d i f f e r e n t  a p p r o a c h e s . F o l l o w i n g  are three k i n ds  
of a pp r o a ch e s .
A . L, d e r i v e d  by J. C. Ashley» et a 1.
The form of L. d e r i v e d  by J. C. Ashley, et a l .
C 9 ,1 0 , l l , 1 2 ]  is
F ( b / X ̂ - >
l_, = ---- -r-rr---  , ( 10 >
Z" - X- -
w h e r e  F v b / y ‘ " ) is a f u n c t i o n  d e r iv e d and t a b ul at ed  in refs.
[9] and EiOJ. The s y m p o l s  in this L- f o r m u l a  r e p r e se n t  the
f o l l o w i n g  q u a n ti t ie s:
b = p a r a m e t e r  r e l a t e d to the m i n i m u m  impact p a r a m e t e r  
c u t o f f
= ( 1 37(3 ) = Z
Z = a t om ic  number or t a r a et material
B. L, d e r i ve d  by J. D. J a c k s o n  and R. L. r-lcCarthy
The form of L, d e r i v e d  by J. D. J ackson and R. L.
M eCar thy [13] is
3 rr 3 I 1 ) . L ( i i
L . = ------- r  [ 1 n ( 2m\r / R ) —   — 1 . 04 ] . (11/
g ( 137(3 ) ' 5(0) S >■ I >
The s y m b o l s  in this L- f o r m u l a  r e p r e s e n t  the f o l l o w i n g
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q u a n t i t l e s  :
S (a ) = m om e nt  of the total oscillatoi— s t re n g t h
distr ibution
Lia) = moment c o n t a i n i n g  the a d d i t i o n a l  we i gh t factor 
f a is 0 or I, see ref. C22] )
m = rest m ass of e l e c t r o n
V = the v e l o c i t y  of p r o j e c t i l e
R = the R y d b e r g  e n e r g y  <13.6 e V ).
C . L, d e r i v e d  by S. H. M o r g a n  and C. C. Sung
The f orm of L . d e r i v e d  by S. H, M o r g a n  and C . C . Sung 
[ 13] is
TT S ( 1 / G 3i0>
L. = ------------:-------- Ci----    1 ) in (2m\v/R >
4 ( iJ7a S(0> R 5( L >
e  L ( O ) L ( 1 )
-—  +  ] . ( 12 )
R S < 1 ) 3(1)
The s y m b o l s  in this L f o r m u l a  r ep r es e nt  the f o l l o w i ng  
q u a nt  i  t i es :
&  = the a v e r a g e  e x c i t a t i o n  e n e r g y  of the i n t e r m e d i a t e  
s t a tes
(Others are the s am e  as in Eq. (11'.)
If we c o ns i oe r  only one e x c i t a t i o n  level, namely, the 
15 -> 2P e x c i t a ti o n ,  then
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That m e a ns  G- must c o r r e s p o n d  to at least tne t-. e n e r g y  
I e e 1 .
The e s t i m a t e d  v al u e of € was g i ve n  by 
i  i E-. - E .. ( 13 ) ̂y & 3
E q . (13) was o b t a i n e d  from the first o p t i c a l l y  a l l o w e d
s tate only* or E q . (13) w o ul d h a v e  b e e n  much mo re
c o m p l i c a t e d .  In this p a p e r , the v alues of the a v e r a g e  
e x c i t a t i o n  e n e r g i e s  of the intermed i a te s t a t e s  are b o r r o w e d  
from S. H. M o r g a n  and C. C. S u n g ’s paper [13]. They a re
e  &
  — 100 and   = 125
R R
T here are c e r t a i n  s i m i l a r i t i e s  b e t w e e n  the f o rm u l a s  
d e r i v e d  by J. D. Ja.cz't̂ 5an and R. L . M c C a r t h y  and by S. H .
M o r g a n  and C . C . S u n g . Both h av e  the s ame v ’ v e l o c i t y
d e p e n d e n c e  and both a re p r o p o r t i o n a l  to 3(1). 5(1) is
a p p r o x i m a t e l y  equal to the a b s o l u t e  value of the total 
b 1 n d 1 ng e n e r g y  and 5(0) = C from the o s c i l l a t o r  s t r e n g t h  sum
rule CSS]. F r o m  both of their formulas, the l o g a ri t hm i c  
term will be the d o m i n a n t  term for high e n er gi es .  This term 
IS p r o p o r t i o n a l  to the d i f f e r e n c e  b e t w e e n  the a v e r a g e  
e x c i t a t i o n  e n e rg y  of the i n t e r m e d i a t e  s t at es  and the
a b s o l u t e  v al ue  of the b i nd i ng e n e r g y  pei‘ atomic e l ec t ro n.
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C A L C U L A T l ü N
S in c e the s t op p i n g  power d e p e n d s  on the sto pp i ng  
n u m b e r , the s t op p i n g  n umber n eeds to be c a l c u l a t e d  first.
The way to get the s t op p in g  number is to c a l c u l a t e  L ^ ,
L ; and L %, and then to f o ll o w  the formula»
L = L + zL. + L;i to get the v alue of L .
The L - d ata are listed in A p pe n d i x  II. They a r e
p r o v i d e d  by D r . L. E. P or t er  with his m e th o d  of c a l c u l a t i o n  
d e v i se d  in 198?. To get a smooth r e l a t i o n s h i p  b e t w e e n  L,-, 
and Til the p a r a b o l i c  i n t e r p o l a t i o n  m e th o d has b e e n  u sed . A 
s am p l e  c o m p ut e r  p r o g r a m  is listed in A p pe n d i x  I, F A L .F OR .
Tt,ere are three ways to get the L value. To c a l c u l a t e  
L  with A s n l e y ’s method» o ne needs to find the v al u e of F(w) 
for various' ta r ge ts  and p r o j e c t i l e  speeds. F (w / is a
ta b ul ar  f u n c t i o n  in ref. [9]. To get a s mooth r e l a t i o n s h i p  
b e t w e e n  F (w ) and w, the p a r a b o l i c  i n t e r p o l a t i o n  m et ho d  h as 
b ee n  used . The c o m p u t e r  pr'ogram is Listed in A p p e n d i x  I, 
F W . F Ü R  .
i I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
To c a l c u l a t e  L, w ith J . D . J a c k s o n ’s method, o ne n ee ds
to k now the S(a), the m om e nt  of the total o s c i l l a t o r -
s t r e n g t h  d i s t r i b u t i o n ,  and L(a), the m o m e n t  c o n t a i n i n g  the 
a d d i t i o n a l  weight factor. These q u a n t i t i e s  vary from target 
to target. H e r e  the d a t a  c o m e  f rom ref. [22].
To c a l c u l a t e  L ̂ w ith C. C. S u n g ’s m et h o d,  one n eeds to 
know the v al ue  of &  . H e r e  C. C. S u n g ’s s e l e c t i o n  has b e e n  
b o r ro we d,  w hich is € / R  = lOO and G / R  =125. M o r e o v e r  SCO),
S (1),L (O ) ,L (1) also c o m e  f rom ref. C 2 2 ]. Thus in this
paper, there are two L v a lu es  c a l c u l a t e d  f r om  C. C. S u n g ’s
me t h o d .
For all the L , ’s , the c o m p u t e r  p r o g r a m  is listed in 
A p p e n d  i x I, S U B L l . F O R  .
The L : c a l c u l a t i o n  is b ased on the f ol l ow i n g  e qu a ti o n .
w h e r e  y = z oc/(i with oc the fine s t r u c t u r e  c o ns t a n t  . T he
c o m p u t e r  p r ogram, listed in A p p e n d i x  I, F L 2 .F O R , has an 
a c c u r a c y  of  0.1%.
A f t e r  the s t o p p i n g  number had b e e n  c a l c u l a t e d ,  the
f o r m u l a
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s = 0.30708 ----:---
a ■- A
w as u sed to c a l c u l a t e  the s t o p p i n g  power.
S i n c e  the s t o p p i n g  p o w e r ’s t h eo r et ic al  v alue is
d i f f e r e n t  from theory to theory» e x p e r i m e n t a l  d at a
c o m p a r i s o n s  a re needed. H e r e  » the least s q u a r e s  m et h od  is
used to a s c e r t a i n  w hi c h theory p r o v i d e s  the s m a l le s t
r e l a t i v e  error. The f o r m u l a  is
1 -i S - 5 .
<r = C  Z < -------   )- ] ,
N ' 5
w h e r e  N is the number of e x pe r i m e n t a l  d a t a  points.
A s a mp l e  c o m p u t e r  p r o g r a m  is listed in A p p e n d i x  I, 
A L A N D P . F Q R  .
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R E S U L T S
A ft e r the e xp e r imental d a ta  was e n t e r e d  into the 
c o m p u t e r  and the p r o g r a m s  w e re  run, the first result to be 
o b t a i n e d  was :
For Ü values smaller than 0.1, o nl y A s h l e y ' s  t h e or y 
m a t c h e d  the exper i men ta 1 data very well, and both the 
theories of J. D. J ac k s on  and R . L. M c C a r t h y  and of S. H. 
Mo roan and C. C . Sung did not fit the e x p e r i m e n t a l  d at a  at 
a l l .
Sa m p l e p r o g r a m s  are listed in A p pe n di x  I. Data c o m e  
from refs. C 24 to 473.
For pro tons b o m b a r d i n g  H; at 0.5 M e V , for example, the 
v a l u e  of f rom J . C. A s h l e / ’s m et ho d is 0.0114; the
v a l u e  f ro m  J. D. J a c k s o n  and R. L . M c C a r t h y ’s m e t ho d  is a 
n e g a t i v e  value, -0.0103, and the v alue from S. H. M o r g a n  and
C. C. S u n g ’s m e thod is 0 . 6 3 1 5  for € / R  = 100 and 0 . 7 3 8 5  for 
&/R = 125.
S i n c e  L . is the co r r ec tio n term for the B a rk as  effect,
i 4
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w hich is a p o s i t i v e  e f f e c t  tor the z " - c o r r e c t i o n  w he n  the 
p r o j e c t i l e  is p o s i t i v e l y  c h a r g e d , J a c k s o n  and M c C a r t h y ’s 
me t h o d , which g iv es  a n e g a t i v e  va l u e , s eems invalid in this 
low— e n e r g y  range. S i n c e  L . is a c o r r e c t i o n  term added to
L , it s hould be small c o m p a r e d  to the L term. H o w e v e r , 
M o r g a n  and S ung's m e t h o d  y ie l ds  an L., /L- r atio that e x c e e d s  
60%. So M o r g a n  and S u n g ’s m e t h o d  also is not valid in the 
low e n e r g y  r a n g e .
Se condly* the s t o p p i n g  power c a l c u l a t e d  by A s h l e y ' s  
m et h o d  w as  p icked to c o m p a r e  with the v a l u e p u b l i s h e d  in the 
h a n d b o o k  of s t op p in g  c r o s s - s e c t i o n s  for e n e r g e t i c  ions in 
all e l e m e n t s  for the low e n e r g y  r an g e [23]. All the d a t a  
m at c h  v er y w e l l .
Thé s t o p pi n g  power d at a  list f o ll o ws  (in u n i ts  of 
MeV cm" 'g ) . E s t a n d s  for E ne r gy  in the u n it s  of M e V  * B 
s ta n d s  for the h a n d b o o k , M s tands for my c a l c u l a t i o n  result* 
and the * s t an ds  for the lack of data.
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TABLE I
COMPARISON OF STOPPING POWER OF H AND He
FOR PROTON AND PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target H 
E 0 . 5 ,  1 . 0 ,  1.5, 2 . 0 ,  2.5, 3 . 0 ,  3 . 5 ,  4 . 0 ,  4 . 5 ,  5 . 0
B l . i a ,  0 . 6 5 ,  0 . 4 9 ,  0 . 3 8 ,  0 . 3 3 ,  0 . 2 8 ,  0 . 2 4 ,  0 . 2 2 ,  0 . 2 0 ,  0 . 1 8
M 1 . 1 6 ,  0 . 6 8 ,  0 . 4 9 ,  0 . 3 9 ,  0.33, 0.28, 0 . 2 5 ,  0 . 2 2 ,  0 . 2 0 ,  0 . 1 8
P r o j e c t i l e  a p a rticle, T arget H 
E  0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3 . 5 ,  4.0, 4 . 5 ,  5 . 0
8 4.45, 2.61, 2.00, 1.56, 1.30, 1.24, 0.98, 0.88, 0 . 8 0 ,  0 . 7 3
M 4 . 5 9 ,  2.70, 1.96, 1.55, 1 . 3 0 ,  1.11, v .98, 0.87, 0.80, 0 . 7 3
P r o j e c t i l e  proton. Target He 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3 . C', 3.5, 4.0, 4.5, 5 .0
8 0.47, 0.28, 0.21, 0.16, 0.14, 0.12, 0.11, 0.10, 0.09, 0 . 0 0
rf 0.49, (y.29, 0.21, 0.17, 0.14, 0.12, (_■ . 1 1 , 0.10, . 0 9, 'j, L'0
P r o j e c t i l e  m pan: i c i e .  Target He 
E 0 . 5 ,  1 . 0 ,  1.5, 2.0, 2 . 5 ,  3..j, 3 . 5 ,   ̂. 0 , 4.5, 5.0
B 1.83, 1.13, 0.85, O.o7, 0.55, 0.48, O . ,  0.38, 0.34, 0 . 3 2
M 1.83, 1.1“+, 0.36, 0.67, ‘,>.55, 0.43, v . 4--, , 0.33, 0.3--+, '-•’.32
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TABLE I I
COMPARISON OF STOPPING POWER OF Li AND Be
FOR PROTON AND oc PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target Li
E 0  .5, 1 .0, 1.5, 2 ,. o , 2.5, 3. 0, 3.5, 4 .o. 4 .5, 5. 0
8 * * it- -Mr it- *• * * n *
M O ,.58, 0 . 3 3 , 0.24, 0 ,.19, 0.15, O  .20, 0.10, O. 07, 0 , , 0 5 , 0 . 0 4
Pro jec t 1. 1 e cx par t ici e 5 Target Li
E 0,.5, 1 .0, 1.5, 2 . 0 , 2.5, 3. 0 , 3.5, 4 .0, 4 . .5, 5 . 0
B it- * *• n * it- *- * -N1. *
M c ,.31, 1 . 33, 0.95, 0 ,. 74 , 0.59, 0  .47, 0 . 37 , 0. 29, 0..21 , 0  . 13
Pro jec:t i le proton. Target Be
E ■■j ,.5, 1 . 0 , 1.5, 2 ,. O , 2.5, 3 .O , 3.5, 4 .0 , 4 ,.5, 5 .O
B 33, 0 .,22, 0.17, 0 . 13, i:'. 1 1 , 0 . 10, 0 . 09 , 0 .08, O. 07, 0. V7
M 0 .38, 0 .23, 0.18, 0 ,.15, 0.13, 0 . 1 1 , 0 .10, O .09, o.. 08 , O .07
Pro jec t 1.le o( par t ici e , T a r g e t Be
E 0.. 5 , 1 ,.0, 1.3, 2 .0, 2.5, 3. 0 , 3.3, 4 .0 , 4 ,. 5 , 5 .O'
e 1 .38 , 0 .90, 0.70, V .55, 0.47, 0 .40 , 0 .34, 0 .3 2 , 0 . 29, 0 .28
M 1 .. 36 , 0 ,. 8 2 , 0 .65, 0 ,.53, 0.45, 0 ,39, O. 35, 0 .31 , 0 . 28 , 0 .26
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TABLE III
COMPARISON OF STOPPING POWER OF B AND C
FOR PROTON AND « PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target B 
E 0.5, l.O, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B 0.24, 0.22, 0.17, 0.13, 0.11, 0.10, 0.09, 0.08, 0.06, 0 . 0 7
M 0.33, 0.21, 0.16, 0.13, 0.11, 0.10, 0.09, 0.08, 0.07, 0 . 0 7
P r o j e c t i l e  oc. p article. Target B 
Ë 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B 1.40, 0.86, 0.65, 0.53, 0.46, 0.39, 0.35, 0.32, 0.28, 0 . 2 6
M 1.34, 0.36, 0.65, 0.53, 0.45, 0.39, 0.35, 0.31, 0.29, 0.26
P r o j e c t i l e  proton. Target C 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
B 0.35, 0.22, 0.18, 0.14, 0.12 0.11, O.iO, 0.08, 0.08, 0 . 0 7
M O . 36 , 0 . 23 , 0.17, 0.14, 0.12, u . 1 , 0 . 0'9 , O . 08 , O . OS , 0 . 0 7
P r o j e c t i l e  a p a rticle. Target C 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B 1.48, 0.92, 0.70, 0.58, 0.48, 0.42, 0.38, 0.33, 0.31, 0 .28
M 1.48, 0.92, 0.69, 0.56, 0.48, 0.42, 0.37, 0.34, 0.31, 0 .29
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TABLE IV
COMPARISON OF STOPPING POWER OF N AND O
FOR PROTON AND « PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target N 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
B 0.35, 0.22, 0.18, 0.14, 0.12, 0.10, 0.10, 0.08, 0.08, 0 - 0 7
M 0.36, 0.23, 0.17, 0.14, 0.12, 0.10, 0.09, 0.08, 0 . 0 8 ,  0 . 0 7
P r o j e c t i l e  «% p article. T arget N 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B 1.40, 0.90, 0.69, 0.56, 0.48, 0.42, 0.34, 0.32, 0.30, 0.28
M 1.47, 0.92, 0.69, 0.56, 0.47, 0.41, 0.37, 0.33, 0.30, 0 . 2 8
P r o j e c t i l e  proton. Target Ü 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B 0.34, 0.21, 0.16, 0.13, 0.12, 0.10, 0.09, 0.08, 0.07, 0 . 0 7
M 0.34, 0.22, 0.16, 0.13, 0.11, 0.10, 0.09, 0.08, 0.07, 0 . 0 7
P r o j e c t i l e  a part i c l e ,  Target O 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
B 1.28, 0.84, 0.65, 0.53, 0.46, 0.40, 0.35, O . 32, 0.29, 0 . 2 7
M 1.39, 0.88, 0.66, 0.54, 0.46, 0.40, 0.36, 0.32, 0.29, 0 . 2 7
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TABLE V
COMPARISON OF STOPPING POWER OF F AND Me
FOR PROTON AND a PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target F 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
B 0 . 2 0 , 0 . 1 9 , 0 . 1 5  * * *■ * * *
M * * * * * * * * * *
P r o j e c t i l e  -x particle. Target F 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B 1.11, 0.78, 0 .59
M * * * » * * if * jf *
P r o j e c t i l e  proton. Target Ne 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
B 0.28, 0.19, 0.15, 0.12, 0.10, 0.09, 0 . o 8 , 0.07, 0.07, 0.06
M 0.28, 0.19, 0.15, 0.12, 0.10, 0.09, O .08, 0.07, 0.06, 0 . 0 6
P r o j e c t i l e  x p a rticle. Target Me 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
8 1.07, 0.86, 0.59, 0.49, 0.42, O. 36 , . 32 , 0.29, 0.27, 0 . 2 3
M 1.17, 0.73, 0.59, 0.49, 0.4S, 0.36, 0.33, 0.29, 0.27, 0 . 2 5
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TABLE VI
COMPARISON OF STOPPING POWER OF Na AND Mg
FOR PROTON AND « PARTICLE PROJECTILES
Pro jec til e pro ton. Ta rget Na
E 0.5, 1 .0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B * *- *■ * #- * * * if
M * * * *- * * # * * *
Pro j ec tile <x par t i c 1 e , T arge t Na
E 0.5, I .0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B * * n- *■ if * •if * ff
M * * * «- * * ■if ■if it-
Pro Jec til e pro ton, T a rget Mg
E 'D.5, 1 . 0, 1.5, 2.0, 2.5, J . • 3.5, 4.0, 4.5, 5.0
B 0.28, 0 . 19, 0.14, 0.12, 0. 10 , 0.09, 0. 08 0.07, 0.07, 0 . Q<
M * *- * * * #• if -if *- ■if
Pro jec tile <> par t ic 1 e , Tai'ge t Mg
E 0.5, 1 . 0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . O
B 1 . 10, 0 .77, 0 . 58 , 0.47, 0 . 40 , 0.35, O. 32 , 0 . 28 , 0 ,26 , 0.2'
M «• * * 1*- if * •If ■jf
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TABLE VI I
COMPARISON OF STOPPING POWER OF AI AND Si
FOR PROTON AND a PARTICLE PROJECTILES
P r o j e c t i l e  proton» Target A 1 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B 0.26, 0.17, 0.13, O.ll, 0.09, 0.08, 0.07, 0.07, 0.06, 0 . 0 6
M 0.25, 0.17, 0.13, 0.11, 0.09, 0.08, 0.07, 0.07, 0.06, 0 . 0 6
P r o j e c t i l e  <x p a rticle. Target A 1 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B 0.98, 0.72, 0.53, 0.42, 0.38, 0.34, 0.30, 0.27, 0.25, 0 . 2 2
M 0.97, 0.71, 0.53, 0.42, 0.38, 0.34, 0.30, 0.28, 0.26, 0.21
P r o j e c t i l e  proton. Target Si 
E tj.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B O .26, 0.13, 0.14, 0.11, 0.10, O .09, O .v 8 , O .07, 0.06, O .06
M 0.26, 0.17, 0.14, 0.11, 0.10, 0.03, 0.03, 0.07, 0.06, 0 . 0 6
Pro j ec tile a par t i c l e , T a r g e  t Si
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
B 1 . 02 , 0.71 , 0 .56 , 0.46, O. 40, 0.35, 0 .31, 0 .23, 0. 26 , 0.24
M 0.99, 0. 70, 0.56, 0.47, 0.41, 0.35, 0.31 , 0 . 29 , 0.26, 0 . 2 3
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TABLE VIII
COMPARISON OF STOPPING POWER OF P AND 5
FOR PROTON AMD a PARTICLE PROJECTILES
P r o j e c t i l e  proton. Target P
E 0.5, 1.0, 1.5, 2.0, 2 .5, 3 .0, 3.5, 4.0, 4.5, 5 . 0
B * * > * * *- K- * * *
M * *- * * <*- * * * * *
P r o j e c  tile 0( par tic 1 e , T a r g e  t P
E 0.5, l.O, 1.5, 2.0, . 5 , 3 .V , 3.5, 4.0, 4.5, 5 . 0
0 * *- * -* #- * * * * *
M *- * * * 4«- * * * *
Pro J ec t i1 e pro ton , Ta rget S
E 0.5, 1.0, 1.5, 2.0, 2 ,.5, 3 .0 , 3.5, 4.0, 4.5, 5 .0
B 0.26, 0.17, 0.13, 0 . 1 L , 0., lO, 0 .08, 0 - 08 , O . 07 , 0.06, 0 . 06
N 0 .25 , 0.17, 0.13, 0.11, 0 ,.09, 0 .08 , -:>. 07, 0.07, O . C' 6 , '3 . 06
P r o j e c  tile '_X par tic le , T a r g e t s
E 0.5, 1.0, 1.5, 2.0, 2 .5, 3. 0, 3.5, 4.0, 4.5, 5 . O
8 1.30, 0.60, 0 . 52 , 0.43, 0 ., 38 , 0 .34, O . 30 , 0 . 27 , 0.25, 0 . 2 3
f-I 1.04, 0.67, 0 . 53 , O .44, 0 . 38 , 0 .33, 0 .30, 0 . 27 , 0 .25 , 0 .23
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TABLE I X
C O M P A R IS O N  O F  S T O P P IN G  PO W ER  O F  C l  A N D  A r
F O R  P R O T O N  A N D  o< P A R T I C L E  P R O J E C T I L E S
P r o j e c t i l e  proton. Target Cl 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
B 0.i±5, 0.16, 0 . 1 0  * * *
M * * * * * * * * *
P r o j e c t i l e  <> part i c l e .  Tap-get Cl 
E 'D.5, l.'O, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 . 0
3 . 98, 0.65, 0.51 *■ * * *■ * ,<■
M ^  ^  it" *-
P r o j e c t i l e  proton. Target Ar 
E V . 5, i.'-l, 1.0, 2.0, 2.0, 3.0, J.5, A.O, ‘-f.5, 5.0
B 0.22, O' .15, 0.12, () . 10, O . 09 , . OS , <0 . , 0 . Oo , O . 06 , 0 . 0 5
M 0.23, 0.15, 0.12, 0.10, 0.03, 0.07, 0.07, u .06, 0.06, 0 .05
P r o j e c t i l e  part i c l e ,  Target Ar 
E 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5 .0
3 V . 9’j , O . 6', O . A'9 , Ü . •̂«■O , O. 34 , O . 3i.' , (.> . 67 , j . 24 , pj . 2 3 , 'J . c 1
Tl t,>. 92 , O . o2 , '3.43, 0.39, p.>.3h, 0. 3<J , u .
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B a s e d  on the d a t a  above» w h e n  the p r o j e c t i l e s  are
pro t o n s , the d a t a  m a t c h e s  b e t t e r  than w h e n  the p r o j e c t i l e s  
are oc p a r t i c l e s  in the l o w - e n e r g y  range. This is b e c a u s e  
w hen the of the p r o j e c t i l e s  is less than 0.033» the shell 
c o r r e c t i o n  b e c o m e s  n e g a t i v e  and h e n c e  s h o u l d  be c o n s i d e r e d  
u n r e l i a b l e  [18]. So for « p r o j e c t i l e s »  the first two va 1ues 
of each e l e m e n t  d a t a  list a b o v e  do not m a t c h  with the b ook 
v a l u e s  as well as do other values.
On the o ther h a n d , in the high e n e r g y  r ange (about 3
MeV to 20 MeV for p r o t o n s  as p ro j ec t i l e s ) , a c o m p a r i s o n  of
the theoretical v alues of s t o p p i n g  power and e x p e r i m e n t a l  
d a t a  has b e e n  c a r r i e d  out for aluminum. C o m p u t e r  p r o g r a m s
are listed in A p p e n d  i x I. The result shows;
I. W h e n  the pro lec tile e n e r g y  is b e t w e e n  2 .3 MeV and
4 . 5 MeV ■, 0 .07 < ,'3 0.10'» A s h l e y ' s  method has a lower
r e l a t i v e  errpr c o m p a r e d  to the other m e thods. M o r g a n  and 
S u n g ' s  m e t h o d  h as the b i g g e s t  error in this e n e r g y  r a n g e
(see c hart I ).
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CHART I
R E L A T I V E  E R R O R  A M O N G  T H E O R I E S  IN THE R A N G E  OF
0 . 0 7  < a < 0,10 F OR A L U M I N U M
T h e o r i e s  R e l a t i v e  e r r o r s
Ash l e y ) et a 1, 1.2%
J a c k s o n  and M c C a r t h y  2.3*/.
M o r g a n  and Sung» € / R  = lOO 3.5%
M o r g a n  and S u n g , G /R = 125 5.0%
II. W h e n  the p r o j e c t i l e  e n e r g y  is b e t w e e n  4.5 M e V  and 
5 .5 M e V  (O.IO < (I < 0.11) , the r e s u l t s  o f M o r g a n  and Sung ' s 
m e t h o d  improve. W h i l e  A s h l e y ' s  m e t h o d  r e m a i n s  accurate» 
M o r g a n  and S u n g ' s  m e t h o d  for G/R = 100 p r o v i d e s  the best 
fits to the e x p e r i m e n t a l  d a t a  (see chart II).
C H A R T  II
R E L A T I V E  E R R O R  A M O N G  T H E O R I E S  IN THE R A N G E  OF 
0 . 1 0  < fa V 0.11 FOR A L U M I N U M  
T h e o r i e s  R e l a t i v e  e r r o r s
Ashley» et a 1. 1.2%
J a c k s o n  and M c C a r t h y  1.5*/.
M o r g a n  and S u n g , G / R  = 100 0.8%
M o r g a n  and S u n g , G /R = 125 1.5%
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III. W h e n  the p r o j e c t i l e  e n e r g y  is be tween 5.5 M eV and 
20 M eV <0.11 < 0 .20 ) , M o r g a n  and Sung ' s m e t h o d  b e c o m e s
far m o r e  accurate. Both the & /R = i00 and &/R =125 r e s u l t s  
better fit the exper imental data than A s h l e y ’s method. 
C o m p a r e d  to the other m e t h o d s , Ja c k s o n  and M c C a r t h y ’s m e t h o d  
in this e n e r g y  r a n g e  h as the bi g g e s t  r e l a t i v e  error (see 
chart III).
C H A R T  III
R E L A T I V E  E R R O R  A M O N G  T H E O R I E S  IN THE R A N G E  OF
O.ll < a < 0 - 2 0  FOR A L U M I N U M
T h e o r i e s  R e l a t i v e  e r r o r s
Ash 1e y , et a 1. 1 . 0%
J a c k s o n  and M c C a r t h y  1.1%
M o r g a n  and Sung* G / R  = 100 0.5%
M o r g a n  and S u n g , G / R  = 125 0 . 5 %
Finally, the r e l a t i o n s h i p  among L ̂ ’s for all the 
m e t h o d s  has b e e n  p l o t t e d  out for ail the IS c h e m i c a l  
e l e m e n t s  (see F i g u r e s  1 - 18). U s i n g  the L ̂ f i g u r e s  in
c o n j u n c t i o n  w ith the r e l a t i v e  error charts, one may e a s i l y  
d e c i d e  what theory will best a pply to the d i f f e r e n t  e n e r g y  
r a n g e s  and will y ield the most a c c u r a t e  results.
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Figure of vs. Beta for four different calculations (He) 29
Morgan & Sung
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0.001
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Figure of Lĵ  vs. Beta for four different calculations (Be) 31
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Figure of vs. Beta for four different calculations (Ne)
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39Figure of Lĵ  vs. Beta for four different calculations (Mg)
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Figure of vs. Beta for four different calculations (Al) 40
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Figure of vs. Beta for four different calculations (Si)
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Figure of Lĵ  vs. Beta for four different calculations (P) 42
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Figure of vs. Beta for four different calculations (S) 43
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C H A P T E R  V 
C O N C L U S I O N S
One of the major d i s c o v e r i e s  of this study is that in 
the low e n e r g y  r ange (proton p r o j e c t i l e  e n e r g y  lower than 5 
MeV, i3 < ().l ), the m e t h o d  of J . C. A s h l e y  et a l ., is the 
best m e t h o d  to use. Both the m e t h o d s  of J. D . J a c k s o n  and
R. L . M c C a r t h y  and of S. H . M o r g a n  and C. C. Sung are not
va 1 id.
Ano ther d i s c o v e r y  is that in the high e n e r g y  r a n g e  
«.projectile e n e r g y  b e t w e e n  5.7 MeV and 2 0 . 0  Mev, 0.11 < (3 <
0.2.0', 3. H. M o r g a n  and C. C. S u n g ’s m e t h o d  y i e l d s  the best
fit to the exper i .men t a I data.
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A P P E N D I X  I 
C O M P U T E R  C ODES
P R O G R A M  C O N V E T  
implicit i n t e g e r * E  (a-z)
ch a r a c  ter *36 ti I n a m ,fname 
logical*! filxst
P E A L *  3 MA3(5) ,ENG j8(5> ,ErvlGeV8(5) , B 0,V8,C,e
R E A L *  4 E N G j 4 <5>,E N G e V n ( 5 > , 8 4 , V4
1 nteger *2 n u m ,b
f 1 lnam( 1:14/ = ’H Û N :E N G V E L .TAB ’
f i 1n a m ( 15 : 15) = char(O)
call f p a t h ( f i l n a m ,f n a m e )
I N Q U I R E ' F I L E  = f n a m e , E X I S T  =f i Ix s t )
iftfilxst/ then
O P E N  ( uni t = 1,FIL£ -= f n a m e , S T A T U S  = ’OLD')
C L O S E (un It = 1,S T A T U S  = ’D E L E T E ’ )
END IF
O P E N  (unit = 1 , F I LE ■= f name , S T A T U S  = ’N E W ’ )
M A S (1) = 1 . 6 7 2 3 4 3 5 0 - 2 7
M A S (2) = 4 . 0 0 1 5 0 5 * 1 . O 6 0 5 6 5 5 D - 2 7
C = 2 . V 9  792453D3
e = 1 . 6 0 2 1 3 9 2 0 - 1 9
num = 1
20 Bu - O.oOl
10 B8 = 84
0 4 = 33 * C
ENG j 8 ( n u m ) = M A S (n um > *C*C
ENG jS ( num ) = E N G  j H < nutn ) / SoR T > 1 . — S3 * B 3 ) — E NG j 8 ( num
ET iG J 4 ( num ) = E N G  j 8 ( num )
E N G e 04 ( num ) = E NG j 3 <■ num ) / ( e * 1 00000'':> . O >
wr i t e ( 1 , 9 0 1 ) 8 4 , E N G e 0 4 ( n u m ) ,ENG j 4 ̂ n u m ) ,04 
901 F O R M A T (5X , 1 F 6 . 3 , 5 X , IF 1 2 . 6 , 5X, i E i 2 . o , b X , IE 12.6)
B = N I N T ( 3 4 * 1 0 0 0 . O ) + 1
1 f < B .g t .3 Ô O / goto 5 
84 — F L O A  r (8 >/1O O O .O 
goto 10
5 num = num + 1
i f (n u m . 1e .2) goto 20 
c l o s e (un it = 1 /
end
4 7
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P R O G R A M  A L A N D P
i n t e g e r *4 n
p a r a m e t e r (n = 40)
r e a l m s  s e x p (n >,s (4,n ), d s e x p (n ) i s e g m a (4)
r e a 1*3 P eta(n)n e n e r g y ( n ) , l 0,11(4), 1 2 , 1(4>
r e a 1*8 c ,m O p ,m O a , e n e r y O , w , b , x ,m a s s ,e
1n t e g e r *4 z2,zl ,w u ( 4 ) , i i n ( 4 ) , t i  me
d a t a  sexp(i), s e x p (2), s e x p (3/, s e x p (4)
* /101.88, 94.65, 83.52, 33.23/
d a t a  energ y ( 1 > ,e n e r g y ( 2 > ,e n e r g y (3) ,e n e r g y (4)
* Z2.25, 2.5, 2.75, 3.0/
data s e x p (5) , sexp t 6) , s e x p (7 > , s e x p (8)
* / 7 8 . 6 1 , 74.55, 70.93, 67.72/
d a t a  e n e r g y (5) ,e n e r g y (6) ,e n e r g y (7) ,e n e r g y (8)
* /3.25, 3.5, 3.75, 4.0/
d a t a  s e x p (9), s e xp(IO), sexp(ll), s e x p (12)
* / 6 4 .82, 62.19, 59.78, 5 7 . 5 7  /
da t a  e n e r g y (9) ,e n e r g y ( 10) ,e n e r g y ( 11 ) ,e n e r g y ( 12)
* / 4 .25, 4.5, 4.75, 5.0/
d a t a  s e x p (13), s e x p (14), s e x p (15), s e x p (16)
* /S5.53, 53.65, 51.90, 5 0 .23/
da ta e n e r g y ( 13) ,e n e r g /( 14) ,e n e r g y ( 15) ,ener g y (16)
* /S.25, 5.5, 5.75, 6.0 /
d ata s e X p (17) , s e x p i 18) , s e x p (19), s e x p (20)
* /4 7.3 4, 44.76, 42.43, 40.44/
d a t a e n e r g y ( 17) ,e n e r g y ( 13) ,ener g y ( 19) ,energ y (20)
* /6.5, 7.0, 7.5, 3.0/
data s e x p (21), s e x p (22) , s e x p (2 3/ , s e x p (24)
* / 3 3 .61 , j 6.96, j 5.45, 39. ij9 /
d a t a  e n e r g y ( 2 1 ) , e n e r g  y (22) ,e nergy « 23) ,e n e r g y (24)
* /3.5, 9.0, 9.5, 1O .O /
d a t a  s e x p (25), s e x p (26), s e x p (27), s e x p (23)
* /32.S2, 31.67, 30.59, 2 9 . aO /
d a t a  e n e r g y ( 2 5 j ,e n e r g y (26),e n e r g y ( 27),e n e r g y (28)
* /10.5, 11.0, 11.5, 12.0/
d a t a  s e x p (29) , s e x p (3 O ) , s e x p (31 ) , se x p (32)
* / 23  . 68 , 27.82, 27.02, 26 . 2 6
da ta e n e r g y (29) ,e n e r g y  ; 30) ,e n e r g y  i 3 1 ) ,e n e r g y (32)
* /12.5, 13.0, 13.5, 14.0/
d a t a  s e x p i 33), s e x p i 34), s e x p (35), s e x p (36)
* / 2 5 .56, 24.89, 24.26, 23.67/
d a t a  e n e r g y (33) ,e n e r g y  ̂ 34) ,e n e r g y (35) ,e n e r g y (36)
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* /14.5, 15.0, 15.5, 16.0/
d ata sexp(37), s e x p (38), s e x p (39), s e x p (40)
* /23.11, 22.58, 22.07, 2 1.59/
data e n e r g y  ( 37 ) , e n e r g  y ( 38 ) , ener g y ( 39 ) , energ y ( 4() J 
^ /16.5, 17.0, 17.5, 18.0 /
do 100 1 = I,n
dsexpti) = dsexp ( i ) *se xp < i )-*0 . O l 
lOO c o n t i n u e
e = 1 . 6 0 2 1 8 9 2 d - 1 9  
Zi = 1
z2 = 13
c = 2 . 9 9 7 9 2 4 5 8 6 8  
mOp = 1.6 7 2 6 4 3 5 d - 2 7  
mass = 2 7.0 
e n e r y O  = mOp
w u < i ) = 1
1 i n ( 1) = 10
w u (2) = lin(i) + 1 
i i n ( 2 ) = I 4
wu (3) = 1 i n ( 2 ) +- 1 
1 i n (3) = 40
t i me = l
111 do 20 i = 1,3
s e g m a (i ) = 0.0
20 cont i nue
do 10 i = w u (t i m e ) , l i n (t i m e )
e n e r g y  f i ) = e n e r g y ( i )*e*l .Oe6
b eta ( i ) - s q rt(1.0-( ener yO/ « ener g y ( i ) +ener yO ) ) ■<<-t*-2
lO = f a l ( b e t a ( i ) >
C ALL S U B L l f L 1 , B E T A ( i ),z2)
12 ~ f l 2 ( b e t a ( i ),c l )
do 30 k = 1, 4
L(k) -= LO + L1 ( k ) *Z1 + L2
S < k , 1 )
* ( O . 3 0 7 OS / ( BE TA i I ) »BE TA ( i / > ■ i i *22 *-L ( k ) / ma s s
s e g m a  (k>= se g m a i k  / + (sexp( L J - s t k , i ) ) / s ( k , i ) ) * * 2
30 CD n t i nue
10 cont i nue
do 40 k — 1,4
s e g m a  f k '=sqr t (s e g m a (k )/f Icat> 1 in( t i m e )—w u ( time ; + 1 > > 
h O c o n t i n u e
wr i te < 4 , *- ) s egma
t i me = t i me + 1
i f ( t i m e .e q .4) goto 112 
goto 111
112 end
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REAL*a FUNCTION FAL(v )
integer*^ n 
p a r a m e t e r  (n = 43) 
r e a 1*8 w t n ),f (n )
r e a 1*8 u , xl, x 2 , x 3, a 1, a 2 , a3 ,v 
r e a 1*8 c , m a l p h a , e
d a t a  w(l)a w (2); w ( 3 ) » w (4); w (5)
/ 0 . 4 1 0.6; 0,"7; 1.0; 1.5/
d a t a  f (1), f (2), f (3), f (4), f<5)
/0.7753, 0.9295, 1.0015, 1.2145, 1.4888/
d a t a  w ( 6 ) , w(7), w (8), w (9), w(iO)
/ 2 . O , 2.5, 3.0, 3.18, 3.97/
d a t a  f (6) , f (7 > , f (8) , f (9) , f (10)
/ I . 7252, 1.9267, 2.0999, 2.1564, 2.3770/
d a t a  w ( 11 ; , w ( 12) , w ( 13) , w ( 14) , w(15)
Z4.77, 5.56, 6.35, 7.15, 7.94/
data f (11), f(12), f (13), f(14), f (15)
/2.5635, 2.7209, 2.8582, 2.9811, 3,0901/
d a t a  w( 16) , w ( 17) , w ( 13 > , w ( 19) , w <20)
/8.74, 9.53, 10.32, 11.12, 11.91/
d a t a  f (16), f (17), f (13), f (19), f (20)
/3.1902, 3.2806, 3.3637, 3.44 18, 3.5136/
d a t a  w (21 ) , w (22) , w (23) , w (24) , w (25)
/12.71, 13.5, 14.3, 15.09, 15.88/
d ata f ( 21), f (22) , T (23> , f « 24) , f (25)
/3.5318, 3.6451, 3.705P, 3.7622, 3.8160/
d a t a  w (26), w (27), w (28), w (29), w (30)
/16.68, 17.47, 18.27, 19.06, 19.85/
data f(26>, f (27), f (28), f (29), f (30>
/ 3 . 8 6 8 1 , 3.9168, 3.9639, 4.0084, ^ .0511/
d a t a  w(31), w (32), w (33) , w (34), w (35)
/20.65, 21.44, 22.24, 2 3 . 2 h , 27.31/
d a t a  f ( 31), f (32>, f (33) , f (34), f (35>
/4.0928, 4.1325, 4.1712, 4.24^3, 4 . 4 0 7 2  /
d a t a  w (36) , w (37) , w (38) , w (d 9) , w (4 0)
/31.78, 39.73, 47.67, 5d.o2, 63.56/
d a t a  f (36) , T ' 37) , f (33) , f C 39) , T (40)
/ 4.5479, 4.7820, 4.9722, 5.1320, 5 . 2 o 9 6/
d a t a  w ( 4 1 ) , w ̂ 4 2 ) , w ( ‘-»3)
/71.51, 79.^5, 8 7 . 4U/
d a t a  f ( 4 1 ) , ' ' 42 ) , f -+3)
/ S . 3899, 5.4960, 5.5931/
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m a l p h a  = 4 . 0 0 1 5 0 5 * 1 . 6 6 0 5 6 5 5 E - c 7  
e = 1 . 6 0 2 1 8 9 2 E - 1 9  
c = 2 . 9 9 7 9 2 4 5 G E + 9
u = ( ma 1 p h a * c  * c /sqr t C I . O-V* V ) - ma 1 pha *c »c ; / ( 1 . Oe6 *-e )
do 5 i = 2, n-1
if(u.le.wti)) g oto 15 
5 cont inue
i = n-1 
goto 70
15 1f (i .e q .2) goto 70
i t f (u —w(i — l ) / . l t . ( w C i > - u ) > i = 1-1
70 X 1 = w ( i — 1)
X 2 = w ( 1 )
x3 = w ( i *1 /
a 1 — (u — x2)*Cu — x 3 ) / ( c x l — x 2 ) * ( x l — x3))
a2 = (o — xl — x3;/ » t — xl )*(x2 — x3) )
a 3 = (u — xl )*(u-x2)/( (x3 — xl )*(x3 — x2) )
fa 1 = a 1 * f < 1-1 > * a2* f ( i / + a 3 * f ( 1 + 1 /
c e turn 
end
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S U B R O U T I N E  S U B L l ( L I , B 4 , N U M )
R E A L *  8 b S , y a , j 8 , z 8 , a 8 , 12,121
R E A L *  8 PI ,X ,W , F W , B ( I S > ,XO
R E A L *  8 c ,e ,R ,M ass
R E A L *  3 EMG j A ( S > , E N G e V L  ( 5 ) , BL ,
r e a l  * S 3(0: 1, 18) ,L(0: 1 , 18) ,L1 (4^ ,a
R E A L *  8 ERR
int e g e r * ^  num
d a t a  S < 0 , 1 ) , S ( 0 , 2 ) , S ( 0 , 3 ) , S ( 0 , A ) , S ( 0 , 5 > , S ( 0 , 6 )
* /I.000, 1.999, 3.000, 4.000, 4.999, 5.999/
d a t a  3 ( 0 , 7 ) , S (O , 8 ) , 3 ( 0 , 9 ) , 5 ( 0 , 1 0 ) , S ( 0 , 11),S (0,12)
* /7.000, 8.001, 9.003, 10.000, 11.000, 12.000/ 
d a t a  5(0,13) ,3(0,1-*) ,5(0, 15),5(0, 16) ,3(0,17) ,S(0, 18>
* / 1 3.000, 14.000, 15.02, 16.01, 17.01, 18.02/
d a t a  3 ( 1 , 1 ) , 3 - 1 , 2 ) , 3 ( 1 , 3 ) , 3 ( 1 , 4 ) , 5 ( 1 , 5 ) , 3 ( 1 , 6 )
* /1.333, 7.709, 21.22, 40.39, 67.34, 101.2/
d a t a  3 ( 1 , 7 ) , 3 ( 1 , 8 ) , 3 ( 1 , 9 ) , 5 ( 1 ,  10),3(1, 11),3(1,12)
* /143.0, 193.6, 253.9, 316.0, 395.0, 482.4/
d a t a  S ( 1 , 1 3 ) , 5 ( 1 , 1 4 ) , S ( 1 , 1 5 ) , 3 ( 1 , 1 6 ) , 3 ( 1 , 1 7 ) , 8 ( 1 , 1 8 )
* /580.3, 6 79.9, 790.6, 923.9, 1072.0, 1259.0/
d a t a  L ( 0 , 1 ) , L ( 0 , 2 ) , L ( 0 , 3 ) , L ( 0 , 4 ) , L ( 0 , 5 > , L ( 0 , 6 )
* .1.500, 2.097, 2 . 7 m 9, 4.173, 6.407, 9.101/
d a t a  L ( 0 , 7 ) , L ( 0 , 8 ) , L ( 0 , 9 ) , L ( 0 , 1 0 ) , L ( 0 , i l ) , L ( 0 , 1 2 )
* /12.12, 1 5. m 2, 13.96, 22.67, 24.27, 26.25/
data L(0, 13) ,L(0, 1 4 > , L ( -D , 15) ,L(0, 1 a ) ,L(0, 17) ,L(0, 18)
* /2S.76, 31.76, 35.09, 3 8 . o3, 42.32, 4 6 .22/
data L ( l , i ) , L ( l , 2 ) , L ( l , 3 ) , L ( i , 4 ' - , L ( l , 3 > , L ( l , 6 >
* /7.612, 13.67, 56.10, 129.7, E m O . m , 393.7/
d a t a  L ( 1 , 7 ) , L ( 1 , 3 ) , L ( 1 , 9 ) , L ( 1 , 1 0 - . L < L , 1 1 ) , L L , 1 2 )
* .'594.5, 850.5, 1169.0, 1458 . , 1930.0, 2433 .
d ata L ( 1 , 1 3 ) , L ( 1 , 1 4 ) , L ( 1,15),L ( 1 . 1 6 ) , L ( l , i / ) , L ( 1,18)
* /3015.0, 3591.0, 4322.0, 5143.0, 6062.0, 7370.0/
d a t a  B(l), 8(2), 3(3), 8(4), 3(5), 8(6)
* / I . 9, 1.87, 1.84, 1.31, 1.73, 1.76 /
d a t a  8(7), 8(8), 3(9), 3(10), 8(11), 5(12)
* /1.73, 1.70, 1.67, 1.64, 1.55, 1.46 /
d a t a  8(1-3), 8-14), 8(15), 8(16), 8 i 17) , 8(18)
.1.37, 1.52, 1.00, 1.31, 1.95, 2.1
PI = 3 . 1m 1 592 o 5 
e = 1 . -6 02 1 8 92 D — 1 9
c = 2 . 9 9 7 9 2 4 5 3 D B  
R = 1 3 . 6 o 5 8 -/ 4 * e
iiass = 9 . I 095 340-3 1 
i-j 88 = 84
X = 1 3 7 . 0 3 a 0 4 * B 8
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XO = X * X / F L ü A T (N U M /
W = B ( N U M )/ S Q R T (X O )
L 1(1, = F W (W )/ S Q R T (F L O A T (N U M /* x V ^ x v * x O )
Li(2) = 3 , Ow-PI *S ( 1 , NUM ) / ̂ 0 . O *• X * X *<- X < O , N UM ) ) *
"■ ( u L 0 G ( 2 . 0 * m a s s *  (BQ*C ) i*-( BS*C / / R f
* - L i 1 , NUM ) / S ( I , T'iUM ) - 1.04)
ERR = i O O .0
LI (3) = PI*S ( 1 ,NUM ) / ( 4 . 0*X*Xi«-X*S ( 0 , N U M  ) ) *
* ( ( EPR-^S i 0 , NUM ) / S ( 1 , NUM ) - i )
* *d lag ( B , O-^mass* ( b8*c ) ( b8*c ) /' r )
* - E P R * L ( 0 , N U M ) / S ( 1 ,NUM) + L (1,N U M )/S <1,N U M )) 
EPR = 125.0
LI ( 4 ) = PI*S( 1 ,NUM) / ( 4.0*X4#-X*X*-S(0,NUM) ) *
* < k E P R * S k O ,N U M >/3( 1,N U M )-1 )
* *d 1 og ( 2 . O *inass*- ( o8*c ) ( b 3 *c ) / r )
* - EPR-w-L ( 0 , i'JUM ) / S I 1 , NUM ) + L ( 1 , N UM ) / 3 < 1 , N U M  ) )
RE T U R N
end
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REAL * 8 FUNCTION FL2(B8,z i )
R E A L  * S b 3 , y 8 , j 8 , z 8 , a 8 , 12,121 
R E A L  *■ 3 ENG j 4 ( 5 ) i Er<UeV4 ( U ) ̂ 3h , V4 
1 n t e g e r z 1
a3 = 7 . 2 9 7 3 5 0 3 D - 3  
z3 = s q r t C r l o a t t z l M  
y 3 ■= z B  ^  a 3 / b3 
12 =  0 .0
j = 1
50 jS = float(j)
i f ( j a . g t . i O OO . 0-»-y3 ) go to 40
12 = 12 - y8*y8/ ( j8*( j8*-jS + y 8*y8 > )
J = J i
goto 50
40 121 = — y Q * y Q * ( 1.20206 — y 3 * y 3 * ( 1.042 — 0 . 8 5 4 1 * y S * y 8
* + O . 34 3 *ya y 3* y S * y 3 ) >
f 12 = 12 
re t u r n  
end
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REAL*a F U N C T IO N  F W v u )
i n t e g e r  *4 n 
p a r a m e t e r  (n = 200/ 
r e a 1*8 w(n),f(n>
r e a i *8 u , x 1 , x 2 , X 3, a 1 , a 2 , a3
d a ta w ( 1 > 1 w ( 2 ) , w ( 3 ) , w ( 4 ) , w ( 5 )
/ O .02, 0.07, 0.12, 0 « 17, 0.22 /
d a t a  f ( I ) , f < 2 ) , f (. 3 ) , f ( 4 ) , f (5)
/ i 6 . TÔOO, 11.5674, 9.31077, 7.35030, 6.7 7 3 6 4 /
d a t a  w (6), w ( 7 ) , w ( 3 ) , w( 9 ) , w( 10)
if / O .27, 0 . 32 , 0.37, 0 . 42 , 0.47 /
d a t a  f (6), f ( 7 ) , f ( 8 ) , f ( 9 ) , f ( lO)
/5.92643, 5.23446, 4.65510, 4.16132, 3.73662/
d a t a  w ( 1 1 t, w (12), w ( 13), w (14), w( 15)
/0.52, 0 . 57 , 0 .62 , 0.67, 0 .72 /
da ta f ( 11/ , f (12), f ( 13 ) , f ( 14 ) , f < 15)
-M- /3.36643, 3.0413 1 , 2.75536, 2 . 5 0 1 3 7 , 2 . 2 7 5 2 3 /
d a t a  w(16>. w ( 17) , w (13), w ( 19) , w(20)
/0.77, 0.32, 0.37, 0.92, 0 .97 /
da t a  f (16), f ( 17) , f ( 13 ) , f (19), f (20)-rf- /2.0^322, 1.89219, 1.72957, 1.50313, 1.45100/
da t a  w (21), w k 22 ) , w ( 23 ) , w (24), w ( 25 )
/ i .02, 1 . 07 , 1.12, 1.17, 1.22 /
d ata f (21>, f (22), t (23), r (24), f (25)
/ I .33170, 1.22362, 1.12560, 1.03654, 0 . 9 5 5 4 9 4 /
data w (26), w ( 2 7 ) , w ( 28 / , w (29), w ( 30 )
f*- /1.27, 1 .32, 1 .37, i . 42 , 1 .47
d a t a f 126/ , f (27), f (28), f <29) , f 30 )
#- /O.8 8 1 7 1 4 , 0.814493 ,0.753135 , .697o 5 6 , i->. 6 4 5 7 5 5 /
d a t a  w (31), w ( 32 ) , w ( 3 3 ) , W ( o , w ( 35 )
/ i .52, 1.57, 1.62, 1.67, 1 . 72 /
d a t a  f (31>, f (32), f 1 33 ) , r 34 ) , f V 35 )
* / O . 596321 ,0.5 5 5 3 1 3 ,0.516355 ,■7.4801 17 ,0.446333/
da t a w (36) , w (37), wI 33) , w ( 3 9 ) , w ( 40 )
If /1.77, 1 . 32 , i .37, 1 . 92 , 1.97
da ta f (. 36 ) , f ( 37 ) , f ( 33 ) , t t 3 9 , , F ( 40 )
if / 0 . 4 1 6 2 3 0 , 0 . 3 3 3 1 0 9 , 0 .362130 , ly . 3 33237 , O . 3 1 6 1 7 f
d a t a  w (4 1 ) , w ( 4 2 ) , w ( 4 3 ) , w ,^ 4 ) , W "4 ZJ )
ff /2.02, 2.07, 2.12, 2 . 17, 2.22
d a t a  f (41 ; , t (42 i , f < 43 > , r I 44 ) , t ( ^ 5  J
/ 0 . 2 9 5 8 0 6 , 0 . 2 7 6 9 3 7 ,0.2594-70 - >7 . 24 3 340 ,0.223 351/
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W ( 4^ ) ; w ( 47 ) g w ( 43 ) 3 w ( ̂ 9 / * w ( 5 Q /
/2.27, 2.32, 2.37, 2.42, 2.47 /
d a t a  f (47), f (48), f (4 9 ), f (50)
/ O . 2 1 4 4 8 2 , 0 . 2 0 1 6 0 3 , 0 . 1 8 9 6 2 9 , 0 . 1 7 3 5 3 2 , 0 . 1 6 3 1 8 9 /
data w ( 5 i / , w ( 52 ) , w ( 5 3 > , w f 54 ) , w «' 5 5 )
/2.52, 2.57, 2.o2, 2.ù7, 2.72 /
data f i 5 l > , F (52 > , f (53) , f (54) , f < 55)
/ O . 1 5 8 5 7 3 , 0 . 1 4 9 6 2 1 , 0 . 1 4  1 2 6 6 , 0 . 1 3 3 4 9 1 , 0 . 1 2 6 2 2 3 /
d a t a w ( 56 ) , w ( 57 > , w ( 58 ) , w ( 59 ) » w ( 60 )
/2.77, 2.82, 2.87, 2.92, 2.97 /
d a t a  f (56) , f (57> , f (58) , f (59 > , ff60)
/ O . 1 1 9 4 3 7 , 0 . 1 1 3 0 9 6 , 0 . 1 0 7 1 6 6 , 0 . 1 0 1 6 2 3 , 0 . 0 9 6 4 2 8 /
d a t a  w (61), w (62), w (63), w (64/, w (65)
/3.02, 3.07, 3.12, 3.17, 3.22 /
d a t a  f (61 ; , f (62) , f (63) , f(64), f <65>
/ . 0 9 1 3 5 6 8 , . 0 8 6 9 9 5 4 , . 0 8 2 7 0 9 7 , . 0 7 8 6 8 8 5 , . 0 7 4 9 0 9 6 /
d a t a  w (6 6 ), w (67), w (6 8 /, w (69), w (70)
Z3.27, 3.32, 3.37, 3.42, 3 .47 /
d a t a  F '6 6 /, f (67), f (6 8 ), f(69), f (70)
/ . 0 7 1 3 5 5 4 , . 0 6 8 0 2 5 4 , . 0 6 4 8 8 5 8 , . 0 6 1 9 1 3 8 , . 0 5 9 i 194/
d a t a  w(7i), w (72) , w (73 ; , w ( 74 > , w ( 75)
/3.52, 3.57, 3.62, 3.67, 3.72 /
d a t a  9(71), f (72), f (73), f (74), f C 75)
/ . 0 5 6 4 8 6 2 , . 0 5 3 9 9 2 4 , . 0 5 1 6 4 2 6 , . 0 4 9 4 2 7 2 , . 0 4 7 3 2 8 0 /
data t'j(76), w ( 77 ) , w ( 78 / , w ( 79 ) , w ( 80 )
/ 3 .77, 3.82, 3.87, 3.92, 3.97 /
d a t a  f (7 o ) , f (77) , f C 73) , f .79) , f ̂ 80)
/. 0453675, 9-34603, .0416608, . v 3 9 9 8 9 3  , . 0 3 2 3 9 0 7  /
d a t a w ( 8  1 ) , w ( 82 ) , w ̂ -33 / , w : 39 ) , w ( 85 )
/4.02, 4.07, 4.12, 4.17, 4.22
d a t a  f (81), r (82), 9(33), f (84), f (85)
/ . 0 3 6 8 7 4 2 , . 0 3 5 4 3 0 7 , . 0 3 4 0 6 2 0 , . 0 3 2 7 o 3 0 , .0315255/
d a t a  w (8 6 ), w (37), w (8 8 ), w (39/, w (9 o )
/ 4 .27, 4.32, 4.37, 4.42, 4.47 /
d a t a  f (8 6 ), f (97), f (8 8 ), t (39), F (90)
/ .0303482, .0292294, .0281635, .(.̂ 27 1466, .026 1 793/
d a t a w ( 9 i y , w ( 92 ) , w ( 9 3 ) , Lv ( 94 ) , w ( 95 )
/ 4 . 52 , ^.57, H- . 62 , 4.67, 4.72
d a t a  F ( 9 l ) , f ( 92 ) , F ; 9 3 ) , F i 9m- ) , t >. ̂ 'zi >
/ . 0 2 5 2 5 a 5 , . 024 3742 , . 023534(.), . 0 2 2 7 3  12,. v2 1 9 656 /
d a t a  w ( 9 6 ) , w v 97 , w ( 7 8 / , w ( , w ( 1 ' / O )
/4.7 7, 4.62, 4.87, 4.92, 4.97 /
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d a t a  f (96), f(97), f (98), f(99), f (100)
/ . 0 2 1 2 2 9 9 , . 0 2 0 5 2 9  1 , . 0 1 9 8 5 7 9 , . 0 1 9 2 1 5 2 , . 0 1 6 6 0 0 4 /
d a t a  w ( 10 1 ; , w ( 102) , w ( 103) , w ( 104^ , w ( 105)
* /5.02, 5.07, 5.12, 5.17, 5.22 /
d a t a  f ! 101 ; , f î i 02' , F ( 10 3' , f ( 104) , f ( 105/
* / . 0 1 3 0 1 1 2 , . 0 1 7 4 4 6 2 , . 0  1 6 9 0 5 0 , . 0 1 6 3 6 5 9 , . 0 1 5 8 8 7 1 /
d a t a w ( 106) , w ( 107> , w ( i03), w ( 109) , w (110)
* Z5.27, 5.32, 5.37, 5.42, 5.47 /
d a t a  f (106,, f (1071, 0(108), f (109), 0(110)
* / . 0 1 5 4 0 9 0 , . 0 1 4 9 4 9 7 , . 0 1 4 5 0 8 2 , . 0 1 4 0 8 4 0 , . 0 1 3 6 7 6 4 /
d ata w(lil), w ( 112), w ( 113), w(ll4), w ( 115)
Z5.52, 5.57, 5.62, 5.67, 5.72 /
d a t a  f(lll), F i 112) , 0(113), 0(114), 0(115)
/ . 0 1 3 2 8 4 2 , . 0  1 2 9 0 6 5 , . 0 1 2 5 4 3 6 , . 0 1 2 1 9 4 0 , . 0 1 18571/
d a t a  w ( 116), w (117), w (118), w ( 119), w ( 120)
* / 5 .77, 5.82, 5.37, 5.92, 5.97 /
d a t a  0(116), 0(117), 0(118), 0(119), 0(120)
i*- / .01 15327, .01 12201 , .0109 186, .0106278, . 0 1 0 3 4 7 4 /
d a t a  w ( 121), w (122), w (123), w (124), w ( 125)
^ /6.02, 6.07, 6.12, 6.17, 6 .22 /
da t a  0(121), 0 v 122) , 0(123), 0(124), 0(125)
4 / . 0 1 0 0 7 6 7 , . 0 0 9 8 1 5 3 , . 0 0 9 5 6 3 0 , . 0 0 9 3 1 9 4 , . 0 0 9 0 8 3 9 /
data w ( 126), w ( 127), w (128), w (129), w (130)
4 /6.27, 6.32, 6.37, 6.42, 6 . 4 7  /
data 0(126), 0(127), 0(123), 0(129/, 0(130)
* / . 0 0 8 8 5 6 4 , . 0 0 8 6 3 6 4 , . 0 0 8 4 2 3 5 , . 0 0 3 2 1 7 7 , . 0 0 8 0 1 6 6 /
data w ( 131 ) , w ( i 32) , w( 133) , w ( 134), w( 135,
* /6.52, 6.57, 6.62, 6.6?, 6 . 7 2  /
data 0(131), 0(132), 0(133), 0(134), 0(135)
* / .0078259, .0076394, .0074588, .0(/72S43, .0071 149/
d a t a  w (136), w (137), w (138), w (139), w (140)
* /6.77, 6.32, 6.87, o .92, 6.97 /
d a t a  0(136), f (137), 0(133), F (13 9/, T (140)
* / ,0(/o9507, . 0 0 6 7 9  16, .0(1)66373, . (1)064877 , . 0 0 6 3 4 2 4  /
d a t a  w ( 14 1 ) , w ( 142) , w ( 14 3) , w (, 144) , w ( 145)
* /7.02, 7.07, ".12, /.17, 7.22 /
d a t a  0(1h1), 0vi42>, 0 ( 1 4 3 , T t i 4 4 ; , 0 ( 14 3)
* /. 0062014, . 0 0 6 0 6 4  4 , .0059315, .i/058</24, .0056763/
d a t a  w ( 14 6) , w ( 147) , w ( 148) , w ( 149) , w ( 15'/)
* /7.27, 7.32, 7.37, 7.42, 7.47
d a t a  0(146), 0(147), f (148/, 0 (149), 0(I50>
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* / . 0 0 5 5 5 5 0 , . 0 0 5 4 3 6 3 , . 0 0 5 3 2 1 2 , . 0 0 5 2 0 9 4 , . 0 0 5 1 0 0 7 /
d a t a  w ( 151), w(152), w ( 153), w (154), w (155)
* /7.32, 7.57, 7.62, 7.67, 7.72 /
data f (151), f (152), f (153), f (154), f (155)
* / . 0 0 4 9 9 5 1 , . 0 0 4 8 9 2 4 , . 0 0 4 7 9 2 5 , . 0 0 4 6 9 5 3 , . 0 0 4 6 0 0 7 /
d a t a  w ( i56) , w(157), w ( 158) , w ( 159) , w ( 160)
* /7.77, 7.82, 7.87, 7.92, 7.97 /
data f (156) , f ( I 57) , f ( 158) , f ( 159) , f ( 160)
» / . 0 0 4 5 0 8 6 , . 0 0 4 4 1 9 1 , . 0 0 4 3 3 1 6 , . 0 0 4 2 4 6 6 , . 0 0 4 1 6 3 8 /
d a t a  w (161), w (162), w (163), w (164), w (165)
* /8.02, 8.07, 8.12, 8.17, 8.22 /
d a t a  f < 161 ) , f ( 162) , f ( 163) , f ( 164) , f (165)
* / . 0 0 4 0 8 3 1 , . 0 0 4 0 0 4 4 , . 0 0 3 9 2 7 7 , . 0 0 3 8 5 2 9 , . 0 0 3 7 8 0 2 /
d a t a  w (166), w (167), w (168), w (169), w (170)
* / a . 27, 8.32, 3.37, 8.42, 8 .47 /
d a t a  f (166), f (167), f (168), f (169), f (170)
* / . 0 0 3 7 0 9 2 , . 0 0 3 6 4 0 0 , . 0 0 3 5 7 2 5 , . 0 0 3 5 0 6 7 , . 0 0 3 4 4 2 4 /
d a t a  w ( 171>, w ( 172), w ( 173), w ( 174), w ( 175)
* / a . 52, 8.57, 8.62, 8.67, 8 .72 /
da t a  f (171), f(172), r (173), r {174), f (175)
/ . 0 0 3 3 7 9 7 , . 0 0 3 3 1 3 5 , . 0 0 3 2 5 8 8 , . 0 0 3 2 0 0 6 , . 0 0 3 1 4 3 7 /
da t a  w ( 176) , w ( 177) , w k 178) , w ( 179) , w ( 180)
* / a . 77, 3.82, 8.87, 3.92, 8.97 /
data ft 176) , f (177) , ft 173), ft 179), f ( 180)
^ / . 0 0 3 0 8 8 1 , . 0 0 3 0 3 3 7 , . 0 0 2 9 8 0 7 , . 0 0 2 9 2 8 9 , . 0 0 2 8 7 8 3 /
d a t a  w (181), w (182), w (183), w (184), w (185)
^ /9.02, 9.07, 7.12, 7.17, 9 .22 /
data f ( 181 ) , f ( 132) , f < 183) , r ( 184) , f ( 135 >
* / . 0 0 2 8 2 8 9 , . 0 0 2 7 3 0 5 , . 0 0 2 7 3 3 2 , . v 0 2 c 3 6 9 , .00264 18/
d a t a  w (186) , w ( 187) , w ( 138) , w t 189) , w ( 190)
* / 9 .27, 9.32, 9.37, 9.42, 9.47 /
d a t a  f <186) , f ( 187) , ft 133), f ' 139) , ft 190)
* / . 0 0 2 5 9 7 3 , . 0 0 2 5 5 4 6 , . 0 0 2 5 1 2 4 , . 0 0 2 4 7  1 1 , . 0 0 2 4 3 0 6 /
d a t a  w ( 19 1) , w t 1 92 > , w t 193) , w ( 19-+) , w ( 1 95 )
* /9.52, 9.57, 9.62, 9.67, 9.72 /
d a t a  ft 191), ft 192), fi 193) , t l 194) , ft 195)
^ /. 0023909, .0023523, .002314-^ , . <)022774 , .00224 12/
d a t a  w t 196) , w ( 197) , w t 193) , w t 1v 9 ) , w t 200/
4 /9.77, 7.32, 9.37, 9.92, 9.97 /
d a t a f t 1 96 ) , f ( 1 97 ; , f ̂ i 93 ) , ft 199) , f t 2()'0 )
4 / . tD022057 , . 0'J2 1 7>/3 , . t v 2 1 3 a 7 , .0021033, .00207060/
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do 5 i = 2, n-1
i f (u .1e .w ( 1 >) goto 15 
5 cont inue
1 = n — 1
go to 70
15 if(i.eq.d) goto 70
i f ( ( u — w (i-l,>>.Lt.(w(i)-u>) i = i-i
70 X 1 = w ( i — 1 )
x 2  =  w ( i )
X 3 = w < i + 1 )
al = (u — x2)*-(u — x3)/( < x l - x 2 ) * ( x l — x3) ) 
a2 = (u-xl )i*(u — x3)/( (x2 — x i)*(x2 — x3) ) 
a3 = (u— xl/^i'u — ,-,2) / < ( x 3 — x i ^*(x3 — x2)>
fw = a 1* f ( 1 -1 ) + a 2 * f ( i ) + a 3 * f ( i + 1 ̂
r e t u r n 
end
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A P P E N D I X  II
V A L U E  OF b. I, A N D  S H E L L  C O R R E C T I O N  P A R A M E T E R S  
F O R  THE F I R S T  10 E L E M E N T S
Shell C o r r e c t i o n  P a r a m e t e r s
Z E l ement I (eV) b V ^
1 H 19.3 1 .90 0 . OOO
2 He 41 .8 1 .87 0 . 0 0 0
3 Li 4 0 . 0 1 .84 0. 125
4 Be 63. 7 1.81 O . 250
5 B 76.0 1 .78 0 . 3 7 5
6 C 78.0 1 -76 0 . 5 0 0
7 N 8 1.8 1 . 73 0 . 6 2 5
8 O 95.0 1 .70 0 . 7 5 0
9 F 1 15 I .67 0 . 8 7 5
10 Ne 130 1 .64 1 .000
1 1 Na 149 1 .55 1 .000
12 Mg 156 1 . 46 1 . OOO
13 A1 165 1 .37 1 .000
14 Si 173 1 .52 1 .000
15 P 173 1 .66 1 .000
16 S ISO 1 .81 1 .OOO
17 C 1 174 1 .95 1 .000






1 .00  
1 .00 
1 .00 
1 . 00 
1 .oo 
1 . 00 
1 .00 
1 -00 




0 . 125 
O . 250 
O . 375 
O , 500 
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D ATA OF L . FOR a OR P R O T O N AS A F U N C T I O N  OF E N E R G Y
Target ; H ! Target : He  ! T arget : L i
E „ (M e V ) L ! E ̂ (Mev) L I E .(MeV) L -,Vi
O. i 2 . 4 2 3 3 1.0 2 . 5 7 3 4  ; 0 . 1 1.4468
0.2 3.1164 : 1.5 2 . 9 7 8 7  1 0.2 . 2 . 0 5 5 0
0.3 3 . 5 2 1 8 : 2 . 0 3 . 2 6 6 3  ( 0 . 3 2 . 4 8 3 3
0.4 3 . 8093 ! 2.5 3. 4 8 9 2  : 0.4 2 . 8 0 8 8
0 .5 4 . 0 3 2 3 3.0 3 . 6 7 1 4  : 0.5 3 . 0 6 4 3
0.6 4 . 2 1 4 5 : 3.5 3 .8254 ! 0 . 7 5 3 . 5 3 3 2
0 .78 4 . 4 7 6 6 ! 4.0 3 . 9 5 8 9  : 1 .0 3 . 8 5 6 8
1 . 04 4 . 7638 : 4.5 4 . 0 7 6 3  ! 1 . 5 4 . 3 0 3 8
i .56 5 . 1 6 8 5 5.0 4 . 1 8 1 4 2.0 4 . 6 1 5 3
2. 07 5 . 4 5 0 5 ! 5 . 5 4 . 2 7 6 6  ; 2 . 5 4 . 8 5 2 0
2. 59 5 . 6 7 3 8 ; 6.0 4 . 3 6 3 4  ! 3.0 5 . 0 4 3 5
3 . O 5.8201 1 6.5 4. 4 4 3 2  ; 3.5 5 . 2 0 4 0
3 . 5 5 . 9 7 3 5 : 7.0 4 . 5 1 7 2  ; 4 . 0 5 . 3421
4 . 0 6 . 1062 7.5 4 . 5 8 5 9  ; 4 . 5 5 . 4 6 3 2
4 . 43 6 . 2 0 7 7 : 8 . 0 4 . 6 5 0 3  : 5 . 0 5 . 5711
4.8 o .2073 : 8.5 4.7 107 :
: 9.0 4 . 7 6 7 7  :
: 10.0 4 . 8 7 2 6  ;
; 12.0 5 . 0 5 4 2  1
: 14.0 5 . 2 0 7 5  ;
: 16.0 5 . 3 4 0 3  :
i 1 3 . 0 5 . 4 5 7 3  1
: 2 0 . 0 5. 5 6 1 8
6 1
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DATA OF L . FOR <x OR P R O T O N  AS A F U N C T I O N  OF E N E R G Y
T arget : Be T arget : B 1 Target ; C
E „ ( M eV ) L ! E ,< M e v ) L - E MeV) L
0 . 1 1.2418 ; 0 . 1 1 . 1897 ! O. 1 1 . 1491
0.2 1.7414 1 0.2 1.6877 : 0.2 1.7082
0.3 2.0931 ; 0.3 2 . 0 1 1 3 ! 0.3 2 . 0 4 1 0
0.4 2.3731 ! 0.4 2 . 2 6 0 8 1 0.4 2 . 2 8 6 2
0.5 2 . 6 0 2 7  ; 0.5 2 . 4 6 8 3 ! 0 .5 2 . 4 8 5 0
0 . 7 5 3 . 0 4 3 3  ; 0 .75 2.8731 1 0 . 7 5 2 . 8 6 7 0
1 .0 3.1613 1 .0 3 . 1 7 7 2 1 1.0 3 . 1 5 5 4
1 .5 3 . 8 1 1 9  : 1 . 5 3 . 6 1 5 4 1 1.5 3 . 5 8 0 8
2 . 0 4 . 1 2 4 7  ; 2.0 3 . 9 2 9 6 ; 2 . 0 3 . 8 8 8 6
2.5 4 . 3 6 4 5  i 2.5 4 . 1 7 0 8 ! 2.5 4 . 1 2 8 8
3.0 4 . 5 5 8 4  ! 3 . O 4 . 3 6 5 7 ; 3.0 4 . 3 2 5 4
3.5 4 . 7 2 2 2  ; 3.5 4 . 5 2 9 4 : 3.5 4 . 4 9 0 2
4 .0 4 . 3 6 1 8  ; 4 . 0 4.6704 : 4.0 4 . 6 3 1 5
4.5 4 . 9 8 4 4  i 4 . 5 4 . 7 9 4 2 1 4.5 4 . 7 5 5 9
5 . 0 5 . 0 9 3 5 5.0 4.9041 1 5.0 4 . 8 6 6 6
62
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D A T A  OF L ■ F O R  o( OR P R O T O N  AS A F U N C T I O N  OF E N E R G Y
; Target : F
; E .(MeV ) L
Target : N : Target ; 0
E .<M e V ) L ; E _< M e v ) L
0. 1 i .0242 0. 1 0.84 15
. 3 1.6375 : 0 . 2 1.4376
0.3 1.7 930 1 0 . 3 i.3165
u . 4 2 . 2 5 4 9  ; O . 4 2 . 0 8 0 4
0.5 2 . 4 5 6 4  ; 0. 5 2 . 2 9 9 7
Cl. 6 2.6251 1 0.6 2 . 4 7 3 0
0.78 2 . 3 7 2 7  ; 0.78 2 . 7 2 5 2
1 .0 3. 1 1 5 3  : 1 . 0 2 . 9 6 7 7
1 . 2 3 .2999 : 1 . 2 3.14 90
1 . 4 3. 4 5 6 7 1 . 4 3.3051
1 . 6 3 . 5 9 5 4  ! 1 . 6 3.4427
I . <3 3 . 7 1 9 8  ; 1 . 8 3.5633
2.0 3 . 9 3 1 6  ; 2 . 0 3.6733
2 . 2' 3. 9 3 3 0 2̂ . 2! 3.7733
2 . 4 4 . 0 2 5 8  : 2.4 3 . 066>.i
2.0 4 . 1 1 1 2  : 2.6 3.9510
2.2 4 . 1 9 0 0 2 . 8 4.0293
3  . 0 4 . 2 6 3 8  ! 3 . 0 4. i 031
3.2 4 . 3 3 2 5  ; 3.2 4. 1 7 1 9
3.4 4 . 3 9 7 6  : 3 . 4 4 . 2 3 6 4
^ . 43 4 .6302 : 4.46 4. 5 1 7 7
4 . 2 4.7651 4.3 4 . 6 0 3 0
6 3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DATA OF L . FOR a OR P R O T O N  AS A F U N C T I O N  OF E NERGY
; Target : Na I Target : Mg
; E . (M e v ; L I  E U  M e V ) L
T arget : Ne
E _(MeV) L
0 . 1 0 . a 9 2 i
0.2 i .0918
‘0.3 I . 4312
0.4 1.7024
0.5 1.9223
0.6 2 . 1 0 5 6
0.73 2 . 3u46
0.93 2 .5314
1 .O 2 . 6254
1 .2 2 . 8 1 2 3
1 . 4 2 . 9 7 0 8
1.6 3 .1084
1 .8 3 .2303
2 . 0 3.3401
2 .2 3 . 4398
2.4 3 . 5 3 1 8
2.6 3.6 158
2.0 3 . 6 9 3 5
3.0 3. 7 6 6 4
3.2 3 . 3 3 4 7
3 . 4 3 . 8 9 8  9
4 . 43 4 . 1 3o8
4.8 4.2661
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D A T A  OF L F OR ot OR P R O T O N  AS A F U N C T I O N  OF E N E R G Y
; Target : PT a r g e t : AI 1 Target : Si
E ( M ev ) L : E J < M ev ) L
0 . 4 0 . 7 7 5 3  : 0 . 4 O . 7957
0 . 6 0 . 9 2 9 5  ! 0.8 1.0888
0,7 1.0015 : 1 .2 1.3390
1 ,o 1.2145 1 .6 1.5331
1 .5 1.4888 ; 2.0 1.7060
2.0 1.7252 : 2.4 1.3604
2.5 1.9267 2.9 1.9999
3 . 0 2 . 0 9 9 9  : 3.2 2 . 1 2 4 8
3. 18 2 . 1 5 6 4 3 .6 2 . 2 3 7 7
3.97 2 . 3 7 7 0  : 4 . 0 2 . 3 4 0 9
4.77 2 . 5 6 3 5  : 8.0 3. 0 4 8 0
5 . 56 2 . 7 2 0 9  ! 12.0 3.4711
6 .35 2 . 8 5 8 2  : 16.0 3.7727
7.. 15 2.9811 ; 2 0.0 4 .0078
7 . 94 3.0901 3.0 4 . 6503
3.74 3 . 1 9 0 2  : a . 5 4.7107
9.53 3 . 2 8 0 6  ; 9 . O 4 . 7 6 7 7
10. 32 3 . 3 6 3 7  ; 1 0 .0 4 .8726
11.12 3 . 4 4 1 8  I 12.0 5. 0 5 4 2
11.91 3 . 5 1 3 6  : 14.0 5 . 2 0 7 5
12.71 3. 5 8 1 8  : 16 .0 5. 3 4 0 3
13.5 3.6451 : 18.0 5 . 4 5 7 3
14 . 3 3 . 7 0 5 5 20 .0 5. 5 6 1 8
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D A T A  OF L . F OR « OR P R O T O N  AS A F U N C T I O N  OF E N E R G Y
( C o n t i n u e d  >
T arget : Si 1Target : A 1




17.47 3 . 9 1 6 8
18.27 3 . 9 6 3 9
19.06 4 .0084
19.85 4.0511
2 0 . 6 5  4 . 0 9 2 3
21 .44 4. 1325
2 2 . 2 4  4 . 1 7 1 2
E , (M e v > L
Target : P
£ X M e V ) L .
66
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D ATA OF L ■ FOR a OR P R O T O N  AS A F U N C T I O N  OF E N E R G Y
T arget : S : T a r g e t  : Cl ! Target : Ar
E .(Mev) L ! E, (Mev) L • : E .( MeV ) L -p W -i
0. i 0 . 3 4 6 0  I \ 0.1 0 . 8 8 0 3
'■:>. 2 1.14 90 : : 0.2 1.1928
0.3 1.3759 : 0.3 1.4233
().4 I .5728 : 0.4 1.6069
0.5 1.7292 I 0.5 1.7657
0 .75 2 . 0 5 4 4  : i 0 . 7 5 2 . 0 7 6 2
1 . V 2 . 3 1 4 5 ; 1 , 0 2 . 3 2 1 4
i. . 5 2 . 7 0 8 0  ; ; 1.5 2 . 6 9 8 0
2.0 3 . 0 0 0  i I i 2 .0 2 . 9 8 2 1
2 . 5 3 . 2 3 0 5  : : 2.5 3 . 2 0 8 8
3 . 0 3 . 4 2 0 0  I 3.0 3 .3964
3.5 3. 5 3 0 9  ; : 3.5 3 .5561
4 . O 3 . 7 2 0 6  : : 4.0 3 .6951
4 . 5 3 . 0 4 3 8  : : 4.5 3 . 8 1 7 9
5.0 3 . 9 5 4 2 : 5.0 3 . 9 2 8 0
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A P P E N D I X  III 
P R O J E C T I L E ’S E N E R G Y - V E L O C I T Y  C O N V E R S I O N  
FOR M U L A ,  T A B L E S  AND C H A R T S  
S i n c e  many of the e x p e r i m e n t a l  d a t a  of s t o p p i n g  p ower 
are g i v e n  as a f u n c t i o n  of the e n e r g y  of the p r o j e c t i l e ,  and 
s i n c e  the v alues of s t o p p i n g  p ower in the t h e o r i e s  of J. C . 
Ashley, R. H. R i t c h i e  and W . Brand t 1 9 , 1 0 , 1 1 , 1 2 ] ,  of S. H. 
M o r g a n  and C. C. Sung [13], and of J. D. J a c k s o n  and R. L. 
M c C a r t h y  [14] are g i v e n  as a f u n c t i o n  of the v e l o c i t y  of the 
p r o j e c t i l e  it is n e c e s s a r y  to h a v e  an e n e r g y — v e l o c i t y  
c o n v e r s i o n  table or char t to show the a s s o c i a t i o n  b e t w e e n  
c a l c u l a t i o n  and e x p e r i m e n t a l  data.
The t ables and c h a r t s  h e r e  are m a d e  a c c o r d i n g  to the 
f o l l o w i n g  formula;
m - d" 
(I -
w h e r e  m. = the rest m a s s  of p r o j e c t i l e  
c = the s p e e d  of light
fî = v/c = v e l o c i t y  of p r o j e c t i l e  / v e l o c i t y  of light
E^ = k i n e t i c  e n e r g y  of p r o j e c t i l e
F o l l o w i n g  a re the tables and ch a r t s .  The c o m p u t e r
p r o g r a m  for this c a l c u l a t i o n  is listed in A p p e n d i x  I.
68
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E N E R G Y - V E L O C I T Y  C O N V E R S IO N  F O R  P R O T O N 6 9
Beta Ener g y E n e r g y V e 1oci ty
(v/c) (MeV ) (joule) ( m/s )
0.001 0 . 0 0 0 4 6 9 0 . 7 5 1 6 5 1 E - 1 6 O .2 9 9 7 9 2 E + 0 6
0 . 0 0 2 0 . 0 0 1 8 7 7 0 . 3 0 0 6 6  I E - 15 O .5 9 9 5 8 5 E + 0 6
0 .003 O .004222 O .6 7 6 4 9 0 E - 1 5 0 . 8 9 9 3 7 7 E + 0 6
0 . 0 0 4 0 . 0 0 7 5 0 6 O .1 2 0 2 6 6 E - 1 4 0 . 1 1 9 917E+07
0 .005 0 . 0 1 1 7 2 9 O . 1 8 7 9 1 6 E - 1 4 O . 1 4 9 8 9 6 E + 0 7
O . 006 O .016889 0 . 2 7 0 6 0 2 E - 1 4 O .17 9 8 7 5 E + 0 7
0.007 O .022989 0 . 3 6 8 3 2 2 E - 1 4 0 . 2 0 9 8 5 5 E + 0 7
0 . 0 0 8 0 . 0 3 0 0 2 6 0 . 4 8 1 O 8 O E - 1 4 0 . 2 3 9 8 3 4 E + 0 7
0.009 O .038003 0 . 6 0 8 8 7 4 E - 1 4 0 . 2 6 9 8 1 3 E + 0 7
0 . 0 1 0 0 . 0 4 6 9 1 7 O . 7 5 1 7 0 7 E - 1 4 0 . 2 9 9 7 9 2 E + 0 7
0.011 O .056771 0 . 9 0 9 5 8 0 E - 1 4 O .3 2 9 7 7 2 E + 0 7
0 . 0 1 2 0 . 0 6 7 5 6 3 O .1 0 8 2 4 9 E - 1 3 0 . 3 5 9 7 5 1 E + 0 7
0 .013 0 , 0 7 9 2 9 5 O .1 2 7 0 4 5 E - 13 O .3 8 9 7 3 0 E + 0 7
0 .014 0 . 0 9 1 9 6 5 O . 1 4 7 3 4 5 E - 1 3 0.4 1 9 709E+07
0 .015 0 . 1 0 5 5 7 4 O . 1 6 9 1 5 0 E - 1 3 O .4 4 9 6 8 9 E + 0 7
0 . 0 1 6 O .120123 O .1 9 2 4 6 0 E - 1 3 O .4 7 9 6 6 8 E + 0 7
0 .017 O .13561 1 0 . 2 1 7 2 7 4 E - 1 3 O .5 0 9 6 4 7 E + 0 7
0 . 0 1 8 0 . 1 5 2 0 3 8 O . 2 4 3 5 9 4 E - 13 O . 5 3 9 6 2 6 E + 0 7
0 .019 O .169405 0 . 2 7 1 4 1 9 E - 1 3 0 . 5 6 9 6 0 6 E + 0 7
O . 020 O .187712 O .3 0 0 7 5 0 E - 13 0 . 5 9 9 5 8 5 E + 0 7
0.021 O .206959 0 . 3 3 1 5 8 8 E - 1 3 0 . 6 2 9 5 6 4 E + O 7
O . 022 0 . 2 2 7 1 4 6 0 . 3 6 3 9 3 1 E - 1 3 O .6 5 9 5 4 3 E + 0 7
0 . 023 0 . 2 4 8 2 7 3 0 . 3 9 7 7 8 1 E - 1 3 0 . 6 8 9 5 2 3 E + 0 7
0 .024 0.2 7 0 3 4 1 0 . 4 3 3 1 3 8 E - 1 3 0 . 7 1 9 5 0 2 E + 0 7
0 . 025 0 . 2 9 3 3 5 0 0 . 4 7 0 0 0 2 E - 1 3 O . 7 4 9 4 8 1 E +07
0 .026 0 . 3 1 7 2 9 9 0 . 5 0 8 3 7 4 E - 1 3 O .779460E4-07
0 .027 . 0 . 3 4 2 1 9 0 O .5 4 8 2 5 3 E - 13 0 . 8 0 9 4 4 0 E + 0 7
0 . 028 0 . 3 6 8 0 2 2 O .58964 I E - 13 0 . 8 3 9 4 1 9 E + 0 7
0 . 029 O .394796 O .6 3 2 5 3 7 E - 13 O . 8 6 9 3 9 8 E + 0 7
0 . 0 3 0 O .422511 0 . 6 7 6 9 4 3 E - 1 3 O .8 9 9 3 7 7 E + 0 7
0.031 O .451169 0 . 7 2 2 8 5 7 E - 1 3 O .9 2 9 3 5 7 E + 0 7
O . 032 O .480768 0 . 7 7 0 2 8 2 E - 1 3 0 . 9 5 9 3 3 6 E + 0 7
0 .033 0 .5 1 1 3 1 1 0 . 8 1 9 2 1 7 E -  13 O .9 8 9 3 1 5 E + 0 7
0 . 034 O .542796 O .8 6 9 6 6 2 E — 13 0 . 1 0 1 9 2 9 E + 0 9
0 .035 0 , 5 7 5 2 2 5 0 . 9 2 1 6 1 9 E - 1 3 O .10 4 9 2 7 E + 0 8
O . 036 0 . 6 0 8 5 9 7 O .9 7 5 0 8 7 E - 13 O .1079 2 5 E + 0 8
0 . 0 3 7 0 . 6 4 2 9 1 3 O .1 0 3 0 0 7 E - 1 2 O . 1 1 0 9 2 3 E + 0 8
O . 038 O . 6 7 8 1 7 2 O .1 0 8 6 5 6 E - 1 2 O. 1 1392 1 E + 0 8
0 . 0 3 9 0 . 7 1 4 3 7 7 0 . 1 144 5 7 E - 1 2 O . 1 1 6 9 1 9 E + 0 8
O . 0 40 O .751526 0 . 1 2 0 4 0 9 E - 1 2 0. 1 1991 7 E + 0 8
0.041 0 . 7 8 9 6 2 0 O .1 2 6 5 1 2 E - 1 2 O . 1 2 2 9 1 5 E + 0 8
0 . 0 4 2 0 . 8 2 8 6 5 9 0 . 1 3 2 7 6 7 E - 1 2 0 . 1 2 5 9 1 3 E + 0 8
0 . 0 4 3 0 . 8 6 8 6 4 4 0 . 1 3 9 1 7 3 E - 1 2 O . 1 2 8 9 1 1E+08
O. 044 0 . 9 0 9 5 7 6 O . 1 4 5 7 3 1 E - 1 8 0 . 1 3 1 9 0 9 E + 0 8
0 . 045 0 . 9 5 1 4 5 3 O . 1 5 2 4 4 lE-12 0 . 1 3 4 9 0 7 E + 0 8
0 . 0 4 6 O .994278 O . 1 5 9 3 0 2 E - 1 2 0 . 1 3 7 9 0 5 E + 0 8
0 . 0 4 7 1 . 0 3 8 0 5 0 0 . 1 6 6 3 1 5 E - 12 0 . 1 4 0 9 0 2 E + 0 8
0 . 0 4 8 1 . 0 8 2 7 7 0 O . 1 7 3 4 8 0 E - 1 2 0 . 1 4 3 9 0 0 E + 0 8
0 . 0 4 9 1 . 1 2 8 4 3 7 O . 1 8 0 7 9 7 E - 1 2 0 . 1 4 6 8 9 8 E + 0 8
O . 050 1 . 1 7 5 0 5 3 O .1 8 8 2 6 6 E - 1 2 O - 1 4 9 8 9 6 E + 0 8
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Be t a E n e r g y E n e r g y V e 1oci ty
( v/c ) ( MeV ) ( joule) ( m/ s )
0 . 051 1 . 2 2 2 6 1 8 O . 1 9 5 8 8 7 E - 1 2 O . 1 5 2 8 9 4 E + 0 8
0 . 052 1 . 2 7 1 1 3 3 O .2 0 3 6 5 9 E — 12 O .1S 5 8 9 2 E + 0 8
0 .053 1 .320597 0 . 2 1 1 5 8 5 E - 12 O .1 5 8 8 9 0 E + 0 8
0 .054 1 . 3 7 1 0 1 1 O .2 1 9 6 6 2 E - 12 0 , 1 6 1 8 8 8 E + 0 8
0 . 055 1 .422376 0 . 2 2 7 8 9 2 E - 1 2 0 . 1 6 4 8 8 6 E + 0 8
0.056 1.4 7 4 6 9 2 O .2 3 6 2 7 4 E - 1 2 O .16 7 8 8 4 E + 0 8
0 . 0 5 7 1.5 2 7 9 6 0 0 . 2 4 4 8 0 8 E - 1 2 O .17 0 8 8 2 E + 0 8
0.059 1.5 8 2 1 7 9 0 . 2 5 3 4 9 5 E - 1 2 O .1 7 3 8 8 0 E + 0 8
0 . 059 1.6 3 7 3 5 2 O .2 6 2 3 3 5 E - 1 2 0 . 1 7 6 8 7 8 E + 0 8
0.060 1.6 9 3 4 7 7 0 . 2 7 1 3 2 7 E - 1 2 0 . 1 7 9 8 7 5 E + 0 8
0.061 1 .750556 0 . 2 8 0 4 7 2 E - 1 2 O . 1 8 2 8 7 3 E + 0 8
0 .062 1.8 0 8 5 8 9 O .2 8 9 7 7 0 E - 12 O .1 8 5 8 7 1 E + 0 8
0 . 063 1.8 6 7 5 7 7 0 . 2 9 9 2 2 I E - 1 2 O .1 8 8 8 6 9 E + 0 8
0.064 1.9 2 7 5 2 0 0 . 3 0 8 8 2 5 E - 12 O .1 9 1 8 6 7 E + 0 8
O . 065 1.998419 0 . 3 1 8 5 8 2 E - 1 2 O . 1 9 4 8 6 5 E + 0 8
0.066 2 . 0 5 0 2 7 4 0 . 3 2 8 4 9 3 E - 1 2 O .19 7 8 6 3 E + 0 8
0 . 0 6 7 2 . 1 1 3 0 8 6 O .3 3 8 5 5 6 E - 12 O . 2 0 0 8 6 1E+08
0 .069 2 . 1 7 6 9 5 5 O .3 4 8 7 7 3 E - 12 O .2038 5 9 E + 0 8
0 . 0 6 9 2 . 2 4 1 5 9 2 0 . 3 5 9 1 4 4 E - 1 2 0 . 2 0 6 8 5 7 E + 0 8
0 . 0 7 0 2 . 3 0 7 2 6 9 O .3 6 9 6 6 8 E — 12 0 . 2 0 9 8 5 5 E + 0 8
0.071 2 . 3 7 3 9 1 3 0 . 3 8 0 3 4 6 E - 1 2 0 . 2 1 2 8 5 3 E + 0 8
0 .072 2 . 4 4 1 5 1 7 0 . 3 9 1 177E-12 0 . 2 1 5 8 5 1 E + 0 8
0 . 0 7 3 2 . 5 1 0 0 8 3 0 . 4 0 2 1 6 3 E - 1 2 0 . 2 1 8 8 4 9 E + 0 8
0.074 2 . 5 7 9 6 0 9 0 . 4 1 3 3 0 2 E - 12 O . 2 2 1 8 4 6 E + 0 8
0 . 0 7 5 2 . 6 5 0 0 9 7 O .4 2 4 5 9 6 E - 12 0 . 2 2 4 8 4 4 E + 0 8
0 .076 2 . 7 2 1 5 4 7 0 . 4 3 6 0 4 3 E - 1 2 0 . 2 2 7 8 4 2 E + O 8
0. 077 2 . 7 9 3 9 6 0 O . 4 4 7 6 4 5 E - 1 2 O .2 3 0 8 4 0 E + 0 8
0 - 0 7 8 2 . 8 6 7 3 3 7 0 . 4 5 9 4 0 2 E - 1 2 O .2 3 3 8 3 8 E + 0 8
O .079 2 . 9 4  1678 0 - 4 7 1 3 1 3 E - 1 2 O .2 3 6 8 3 6 E + 0 8
0 .090 3 . 0 1 6 9 8 4 O .4 8 3 3 7 8 E - 12 O . 2 3 9 8 3 4 E + 0 8
0.091 3 . 0 9 3 2 5 6 O .4 9 5 5 9 8 E - 12 O .2 4 2 8 3 2 E + 0 8
0 . 092 3 . 1 7 0 4 9 4 O .5 0 7 9 7 3 E - 12 0 . 2 4 5 8 3 0 E + 0 8
0 . 0 9 3 3 . 2 4 8 6 9 9 0 . 5 2 0 5 0 3 E - 1 2 0 . 2 4 8 8 2 8 E + 0 8
0.094 3 . 3 2 7 8 7 2 0 . 5 3 3 1 8 8 E - 12 O . 2 5 1 8 2 6 E + 0 8
0 . 0 8 5 3 . 4 0 8 0 1 4 O .5 4 6 0 2 8 E - 12 O .2 5 4 8 2 4 E + 0 8
0 . 086 3 . 4 8 9 1 2 5 0 . 5 5 9 0 2 4 E - 1 2 0 . 2 5 7 8 2 2 E + 0 8
0 . 0 8 7 3 . 5 7 1 2 0 5 O . 5 7 2 1 7 5 Ë - 12 O .2 6 0 8 1 9 E + 0 8
0 . 088 3 . 6 5 4 2 5 6 0 . 5 8 5 4 8 1 E - 1 2 0 . 2 6 3 8 1 7 E + 0 8
0 . 0 8 9 3 . 7 3 8 2 8 0 O .5 9 S 9 4 3 E - 1 2 O . 2 6 6 8 1 5 E+08
0 . 0 9 0 3 . 8 2 3 2 7 5 0 . 6 1 2 5 6 1 E - 1 2 0 . 2 6 9 8 1 3 E + 0 8
0.091 3 . 9 0 9 2 4 3 0 . 6 2 6 3 3 5 E - 1 2 O .2 7 2 8 1 1 E +08
0 . 0 9 2 3 . 9 9 6 1 8 5 O . 6 4 0 2 6 4 E - 1 2 0 . 2 7 5 8 0 9 E + 0 8
0 . 0 9 3 4 . 0 8 4  102 O .6 5 4 3 5 0 E - 1 2 O .2 7 8 8 0 7 E + O 8
0 . 094 4 . 1 7 2 9 9 4 0 . 6 6 8 5 9 3 E - 1 2 0 . 2 8 1 8 0 5 E + 0 8
0 . 0 9 5 4 . 2 6 2 8 6 3 0 . 6 8 2 9 9 1 E - 1 2 0 . 2 8 4 8 0 3 E + O 8
0 . 0 9 6 4 . 3 5 3 7 0 9 0 . 6 9 7 5 4 7 E - 12 O .  2 8 7 8 0  1E+-08
0 . 0 9 7 4 . 4 4 5 5 3 2 0 . 7 1 2 2 5 8 E - 1 2 0 . 2 9 0 7 9 9 E + 0 8
0 . 0 9 9 4 . 5 3 8 3 3 4 0 . 7 2 7 1 2 7 E - 1 2 0 . 2 9 3 7 9 7 E + 0 8
0 . 0 9 9 4 . 6 3 2 1 1 7 0 . 7 4 2 1 5 3 E - 1 2 0 . 2 9 6 7 9 5 E + 0 8
0 . 1 0 0 4 . 7 2 6 8 8 0 0 . 7 5 7 3 3 6 E - 1 2 0 . 2 9 9 7 9 2 E + 0 8
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Be ta E n e r g y E n e r g y V e 1oci t y
( v/c ) ( M eV ) (joule) ( m/ s )
0.101 4 . 0 2 2 6 2 4 0 . 7 7 2 6 7 6 E - 12 O .3 0 2 7 9 0 E + 0 8
0 - 1 0 2 4 . 9 1 9 3 5 0 O . 7 8 0 1 7 3 E - 1 2 0 . 3 0 5 7 S 8 E  fOS
0. 103 5 . 0 1 7 0 5 9 0 . 8 0 3 8 2 8 E - 1 2 0 . 3 0 8 7 8 6 E + 0 0
O. 104 S . 115753 0 - 8 1 9 6 4 0 E — 12 0 . 3 1 1 7 84E+08
0 . 105 5 . 215431 0 . 8 3 5 6 1 lE-12 O .314 7 8 2 E + 0 8
O. 106 5 . 3 1 6 0 9 6 0 . 8 5 1 7 3 9 E - 1 2 0 . 3 1 7 7 8 0 E + 0 8
O. 107 5 . 4 1 7 7 4 7 O .8 6 8 0 2 6 E - 1 2 O .3 2 0 7 7 8 E + 0 8
O. 108 5 . 5 2 0 3 8 7 0 . 8 8 4 4 7 0 E - 1 2 O .3 2 3 7 7 6 E + 0 8
0 . 109 5 . 6 2 4 0 1 4 0 . 9 0 1 0 7 3 E - 12 O .3 2 6 7 7 4 E + 0 8
0 . 1 1 0 5 . 7 2 8 6 3 2 O .917 8 3 5 E - 1 2 0 . 3 2 9 7 7 2 E + 0 8
0.111 5 . 8 3 4 2 4 0 0 . 9 3 4 7 5 6 E - 12 O .3 3 2 7 7 0 E + 0 8
0 . 1 1 2 5 . 9 4 0 8 4 0 0 . 9 5 1 8 3 5 E - 1 2 O .3 3 5 7 6 8 E + 0 8
0 .113 6 . 0 4 8 4 3 2 O .9 6 9 0 7 3 E - 12 O .3 3 8 7 6 5 E + 0 8
0 . 1 1 4 6 . 1 5 7 0 1 9 0 . 9 8 6 4 7 1 E — 12 O . 3 4 1763E+08
0 .115 6 . 2 6 6 6 0 0 O . 1 0 0 4 0 3 E - 1 1 0 . 3 4 4 7 6 1 E + 0 8
0 . 1 1 6 6 . 3 7 7 1 7 6 O . 1 0 2 1 7 4 E - 1 1 O .3 4 7 7 5 9 E + 0 8
0.117 6 . 4 8 8 7 5 0 O .1 0 3 9 6 2 E - 1 1 0 . 3 5 0 7 5 7 E + 0 8
0 . 1 1 8 6 . 601321 O .1 0 5 7 6 6 E - 1 1 O . 3 5 3 7 5 5 E + O B
0 .119 6 .714891 0. 107585E-1 1 0 . 3 5 6 7 5 3 E + 0 8
O. 120 6.8 2 9 4 6 1 O .1 0 9 4 2 1 E - 11 O .3 5 9 7 5 1 E + 0 8
0.121 6.945031 0 . 1 1 1273E-1 1 O .3 6 2 7 4 9 E + 0 8
O. 122 7 . 0 6 1 6 0 4 O . 1 1 3 1 4 0 E - 1 1 O .3 6 5 7 4 7 E + 0 8
0 . 123 7.1 7 9 1 8 1 O . 1 1 5 0 2 4 E - 1 1 0 . 3 6 8 7 4 5 E + 0 8
O . 124 7 . 2 9 7 7 6 0 O. 116924 E — 1 1 O . 3 7 1743E+08
O. 125 7 . 4 1 7 3 4 6 O . 1 1 8 8 4 0 E - 1 1 0 . 3 7 4 7 4  1E4-08
0. 126 7 . 5 3 7 9 3 8 O . 1 2 0 7 7 2 E - 1 1 O . 3 7 7 7 3 9 E  + 08
O. 127 7 . 6 5 9 5 3 8 0 . 1 2 2 7 2 0 E - 11 O .3 8 0 7 3 6 E +08
0 . 128 7 . 7 8 2 1 4 6 O .12 4 6 8 5 E - 11 O .3 8 3 7 3 4 E + 0 8
0 . 129 7 . 9 0 5 7 6 3 O .12 6 6 6 5 E - 11 0 . 3 8 6 7 3 2 E + 0 8
0. 130 8 . 0 3 0 3 9 2 O .1 2 8 6 6 2 E - 1 1 0 . 3 8 9 7 3 0 E + 0 8
0.131 8 . 1 5 6 0 3 4 O . 1 3 0 6 7 5 E - 1 1 O . 3 9 2 7 2 8 E + O 0
O. 132 8 . 2 8 2 6 8 9 O .13 2 7 0 4 E - 1 1 O .3 9 5 7 2 6 E + 0 8
O. 133 8 . 4 1 0 3 5 8 O .13 4 7 5 0 E - 11 0 . 3 9 8 7 2 4 E + 0 8
0. 134 8 . 5 3 9 0 4 4 O . 1 3 6 8 1 2 E - 1 1 0 . 4 0 1 7 2 2 E + 0 8
0 . 135 a .668746 O . 1 3 8 8 9 0 E - 11 O . 4 0 4 7 2 0 E + 0 8
O. 136 8 . 7 9 9 4 6 7 O .14 0 9 8 4 E - 11 0 . 4 0 7 7 1 8 E + Û 8
0. 137 8 . 9 3 1 2 0 6 0 . 1 4 3 0 9 5 E - 1 1 0.4 107 1 6 E + 0 8
O. 138 9 . 0 6 3 9 6 7 O . 14 5 2 2 2 E - 1 1 O . 4 1 3 7 1 4 E + 0 8
O. 139 9 . 1 9 7 7 4 9 0 . 1 4 7 3 6 5 E - 1 1 0 - 4 1 6 7 1 2 E + 0 8
0 . 1 4 0 9 . 3 3 2 5 5 6 O . 1 4 9 5 2 5 E - 1 1 0 . 4 1 9 7 0 9 E + 0 8
0.141 9 . 4 6 8 3 8 6 O . 1 5 1 7 0 1 E - 11 0 . 4 2 2 7 0 7 E + 0 8
O. 142 9 . 6 0 5 2 4 3 O .1 5 3 8 9 4 E - 11 0 . 4 2 5 7 0 5 E + 0 8
0. 143 9 . 7 4 3 1 2 6 O . 1 5 6 1 0 3 E - 1 1 O . 4 2 8 7 0 3 E  + 08
0 . 1 4 4 9 . 8 8 2 0 3 6 O . 1 5 8 3 2 9 E - 1 1 0 . 4 3 1 7 0 1 E + 0 8
O. 145 1 0 . 0 2 1 9 8 0 0 . 1 6 0 5 7 1 E - 1 1 O .4 3 4 6 9 9 E + 0 8
O. 146 l O .162950 0 . 1 6 2 8 3 0 E - 1 1 0 . 4 3 7 6 9 7 E + 0 8
0. 147 1O .304960 O .1 6 5 1 0 5 E - 1 1 0 . 4 4 0 6 9 5 E + 0 S
O . 1 48 1O .448000 O .16 7 3 9 7 E - 11 O .4 4 3 6 9 3 E + 0 8
0 . 1 4 9 1 0 . 5 9 2 0 7 0 O .16 9 7 0 5 E - 1 1 O .44669lE+Oa
0. 150 1 0 . 7 3 7 1 8 0 O .17 2 0 3 0 E - 11 O .4 4 9 6 8 9 E + 0 8
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Beta E n e r g y E n e r g y V eIoc i t y
< v/c > < MeV ) ( joule) ( m / s )
0-151 10 - 8 8 3 3 3 0 0 - 1 7 4 3 7 1 E - 1 1 O .4 5 2 6 8 7 E + 0 8
0. 152 1 1 . 0 3 0 5 1 0 O . 1 7 6 7 3 0 E - 1 1 O .4 5 5 6 8 5 E + 0 8
O. 153 1 1 - 1 7 8 7 4 0 O. 1 7 9 1 0 5 E - 1 1 O . 4 5 8 6 8 2 E + 0 8
0. 154 1 1 . 3 2 8 0 1 0 0 . 1 8 1 4 9 6 E - 1 1 0 . 4 6 1 6 8 0 E + 0 8
0 . 155 1 1 . 4 7 8 3 3 0 0 . 1 8 3 9 0 5 E - 1 1 O .4 6 4 6 7 8 E + 0 8
0. 156 1 1 . 6 2 9 6 9 0 O . 1 8 6 3 3 0 E - 1 1 O .4 6 7 6 7 6 E + 0 8
O. 157 1 1 . 7 8 2 0 9 0 O -1 8 8 7 7 1 E - 1 1 O . 4 7 0 6 7 4 E + 0 8
O. 158 1 1 - 9 3 5 5 5 0 O .1 9 1 2 3 0 E - 1 1 0 . 4 7 3 6 7 2 E + 0 8
0 . 159 12.0 9 0 0 5 0 O -1 9 3 7 0 5 E - 1 1 O .4 7 6 6 7 0 E + 0 8
0. 160 1 2 . 2 4 5 6 0 0 O . 1 9 6 1 9 8 E - 1 1 O .4 7 9 6 6 8 E + 0 8
0.161 1 2 . 4 0 2 2 1 0 O .1 9 8 7 0 7 E - 1 1 O .4 8 2 6 6 6 E + 0 8
0 . 162 1 2 . 5 5 9 8 7 0 0 . 2 0 1 2 3 3 E - 1 1 0 - 4 8 5 6 6 4 E + 0 8
O . 163 1 2 . 7 1 8 5 9 0 0 - 2 0 3 7 7 6 E - 1 1 O . 4 8 8 6 6 2 E + 0 8
0. 164 12-8 7 8 3 6 0 0 . 2 0 6 3 3 6 E — 11 0 . 4 9 1 6 6 0 E + 0 8
O . 165 1 3 . 0 3 9 1 9 0 0 . 2 0 8 9 1 2 E - 1 1 0 . 4 9 4 6 5 8 E + 0 8
0. 166 1 3 . 2 0 1 0 8 0 0 . 2 1 1 5 0 6 E - 1 1 0 - 4 9 7 6 5 5 E + 0 8
O . 1 67 1 3 . 3 6 4 0 3 0 0.2141 1 7 E - 1 1 O .5 0 0 6 5 3 E + 0 8
0. 168 1 3 - 5 2 8 0 5 0 0 . 2 1 6 7 4 5 E - 1 1 O .5 0 3 6 5 1 E + O a
0. 169 1 3 . 6 9 3 1 3 0 0 . 2 1 9 3 9 0 E - 1 1 O .5 0 6 6 4 9 E + 0 8
0 . 170 1 3 - 8 5 9 2 7 0 O - 2 2 2 0 5 2 E - 11 0 . 5 0 9 6 4 7 E + 0 8
0.171 1 4 . 0 2 6 4 9 0 O . 2 2 4 7 3 1 E - 1 1 O .5 1 2 6 4 5 E + 0 8
0. 172 14 - 194780 0 . 2 2 7 4 2 7 E - 1  1 0 . 5 1 5 6 4 3 E + 0 8
O. 173 1 4 . 3 6 4 1 3 0 0 - 2 3 0 1 4 1 E - 1 1 O . 5 1 8 6 4 1 E + 0 8
0. 174 1 4 . 5 3 4 5 6 0 0 . 2 3 2 8 7 1 E - 1 1 0 .5216 3 9 E + 0 8
O. 175 1 4 . 7 0 6 0 6 0 0 . 2 3 5 6 1 9 E - 1 1 0 . 5 2 4 6 3 7 E + 0 8
0. 176 1 4 . 8 7 8 6 4 0 O . 2 3 8 3 8 4 E - 1 1 0 - 5 2 7 6 3 5 E + 0 8
0. 177 1 5 . 0 5 2 3 0 0 0.24 1 1 6 6 E - 1 1 0 . 5 3 0 6 3 3 E + 0 8
0. 178 1 5 . 2 2 7 0 4 0 0 - 2 4 3 9 6 6 E - 1  1 O - 5 3 3 6 3 1 E + 0 8
0 - 1 7 9 1 5 . 4 0 2 8 6 0 O -2 4 6 7 8 3 E - 11 O .5 3 6 6 2 9 E + 0 8
0. 180 1 5 - 5 7 9 7 6 0 0 - 2 4 9 6 1 7 E - 1 1 0 . 5 3 9 6 2 6 E + 0 8
0.181 15 - 7 5 7 7 4 0 0 . 2 5 2 4 6 9 E - 1 1 O .5 4 2 6 2 4 E + 0 8
0 . 182 1 5 . 9 3 6 8 2 0 0 . 2 5 5 3 3 8 E - 1 1 O .5 4 5 6 2 2 E + 0 8
0. 183 1 6 - 1 1 6 9 8 0 0 . 2 5 8 2 2 4 E - 1 1 O .5 4 8 6 2 0 E + 0 8
0-184 1 6 - 2 9 8 2 3 0 0 . 2 6 1 1 2 8 E - 1 1 0 . 5 5 1 6 1 8 E + 0 8
O. 185 16 - 4 8 0 5 7 0 O - 2 6 4 0 5 0 E - 1 1 0 - 5 5 4 6 1 6 E + 0 8
0. 186 1 6 - 6 6 4 0 1 0 0 . 2 6 6 9 8 9 E - 1 1 0 . 5 5 7 6 1 4 E + 0 8
O- 187 1 6 - 8 4 8 5 5 0 0 . 2 6 9 9 4 6 E - 1 1 O - 5 6 O 6 1 2 E + 0 8
0 - 1 8 8 1 7 - 0 3 4 1 7 0 0 . 2 7 2 9 2 0 E - 1 1 0 .5636 1 0 E + 0 8
0 - 189 1 7 - 2 2 0 9 0 0 0 . 2 7 5 9 1 l E - 1 1 0 . 5 6 6 6 0 8 E + 0 8
0. 190 1 7 - 4 0 8 7 3 0 0 . 2 7 8 9 2 1 E - 1 1 0 . 5 6 9 6 0 6 E + 0 8
0.191 1 7 - 5 9 7 6 7 0 0 - 2 8 1 9 4 8 E - 1 1 0 . 5 7 2 6 0 4 E + 0 8
0. 192 1 7 . 7 8 7 7 0 0 0 . 2 8 4 9 9 3 E - 1  1 0 . 5 7 5 6 0 2 E + 0 8
O . 1 93 1 7 - 9 7 8 8 5 0 0 - 2 8 8 0 5 5 E - 1 1 O .5 7 8 5 9 9 E + 0 8
0-194 1 8 . 1 7 1 lOO O . 2 9 1 1 3 5 E - 1 1 0 - 5 8 1 5 9 7 E + 0 8
O. 195 1 8 . 3 6 4 4 6 0 0 . 2 9 4 2 3 3 E - 1 1 0 . 5 8 4 5 9 5 E + 0 8
0. 196 1 8 . 5 5 8 9 4 0 0 . 2 9 7 3 4 9 E - 1 1 0 - 5 8 7 5 9 3 E + O B
0- 197 1 8 . 7 5 4 5 3 0 0 . 3 0 0 4 8 3 E - 1 1 O . 5 9 0 5 9 1E+08
O . 198 1 8 . 9 5 1 2 4 0 O .3 0 3 6 3 5 E - 11 O .5 9 3 5 8 9 E + 0 8
O. 199 1 9 . 1 4 9 0 6 0 0_. 3 0 6 8 0 4 E -  1 1 O .5 9 6 5 8 7 E + 0 8
0 . 200 1 9 . 3 4 8 0 1 0 O .3 0 9 9 9 2 E - 11 0 . 599585E+-08
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0.201 1 9 . 5 4 8 0 7 0 O .3131 9 7 E - 1  1 O .6 0 2 5 8 3 E + 0 8
0 . 2 0 2 1 9 . 7 4 9 2 7 0 O . 3 1 6 4 2 1 E - 1 1 O . 6 0 5 5 8 1E+08
0 . 2 0 3 1 9 . 9 5 1 5 8 0 O . 3 1 9 6 6 2 E - 1 1 0 . 6 0 8 5 7 9 E + 0 8
0 . 2 0 4 2 0 . 1 5 5 0 3 0 0 . 3 2 2 9 2 2 E - 1 1 0 . 6 1 1577E+08
0 . 2 0 5 2 0 . 3 5 9 6 1 0 O .3 2 6 1 9 9 E - 1 1 0 . 6 1 4 5 7 5 E + 0 8
0 . 2 0 6 2 0 . 5 6 5 3 2 0 0 . 3 2 9 4 9 5 E - 1 1 O . 6 1 7 5 7 2 E + 0 8
0 . 2 0 7 2 0 . 7 7 2 1 6 0 O . 3 3 2 8 0 9 E - 1 1 0 . 6 2 0 5 7 0 E + 0 8
0 . 2 0 8 2 0 . 9 8 0 1 4 0 O . 3 3 6 1 4 2 E - 1 1 O .6 2 3 5 6 8 E + 0 8
O. 209 2 1 . 1 8 9 2 6 0 O . 3 3 9 4 9 2 E - 1 1 O . 6 2 6 5 6 6 E  + 08
0 . 2 1 0 2 1 . 3 9 9 5 1 0 0 . 3 4 2 8 6 1 E — 11 O . 6 2 9 5 6 4 E + 0 8
0.211 2 1 . 6 1 0 9 2 0 O . 3 4 6 2 4 8 E - 1 1 O . 6 3 2 5 6 2 E + 0 8
0 . 2 1 2 2 1 . 8 2 3 4 6 0 0 . 3 4 9 6 5 3 E - 1 1 O . 6 3 5 5 6 0 E + 0 8
0 . 2 1 3 2 2 . 0 3 7 1 6 0 0 . 3 5 3 0 7 7 E - 1 1 0 . 6 3 8 5 5 8 E + 0 8
0 . 2 1 4 2 2 . 2 5 2 0 0 0 O . 3 5 6 5 1 9 E - 1 1 0.64 1556E+08
0 . 2 1 5 2 2 . 4 6 8 0 0 0 0 . 3 5 9 9 8 0 E - 1 1 0 . 6 4 4 5 5 4 E + 0 8
0 . 2 1 6 2 2 . 6 8 5 1 5 0 0 . 3 6 3 4 5 9 E - 1 1 O .6 4 7 5 5 2 E + 0 8
0 . 2 1 7 2 2 . 9 0 3 4 5 0 0 . 3 6 6 9 5 7 E - 1 1 0 . 6 5 0 5 5 0 E + 0 8
0 . 2 1 8 2 3 . 1 2 2 9 1 0 O .3 7 0 4 7 3 E - 1 1 O .6 5 3 5 4 8 E + 0 8
0 . 2 1 9 2 3 . 3 4 3 5 4 0 O .3 7 4 0 0 8 E - 1 1 O .6 5 6 5 4 5 E + 0 8
0 . 2 2 0 2 3 . 5 6 5 3 2 0 0 . 3 7 7 5 6 1 E - 1 1 O .6 5 9 5 4 3 E + 0 8
0.221 2 3 . 7 8 8 2 8 0 0 . 3 8 1 1 3 3 E - 11 O . 6 6 2 5 4 1E+08
O. 222 2 4 . 0 1 2 4 0 0 O .3 8 4 7 2 4 E - 11 O .6 6 5 5 3 9 E + 0 8
0 . 2 2 3 2 4 . 2 3 7 6 8 0 O .3 8 8 3 3 4 E - 1 1 0 . 6 6 8 5 3 7 E + 0 S
0 . 2 2 4 2 4 . 4 6 4 1 5 0 O . 3 9 1 9 6 2 E - 1 1 0 . 6 7 1 5 3 5 E + 0 8
0 . 225 2 4 . 6 9 1 7 8 0 O .3 9 5 6 0 9 E - 1 1 O . 6 7 4 5 3 3 E + 0 8
O .226 2 4 . 9 2 0 5 9 0 0 - 3 9 9 2 7 5 E - 1  1 0 . 6 7 7 5 3 1 E + 0 8
0 .227 2 5 . 1 5 0 5 8 0 O .4 0 2 9 6 0 E - 11 O .6 8 0 5 2 9 E + 0 8
O . 228 2 5 . 3 8 1 7 5 0 O .4 0 6 6 6 4 E - 1 1 O .6 8 3 5 2 7 E + 0 8
O . 229 25 .614 n o 0 . 4 1 0 3 8 6 E — 11 O .6 8 6 5 2 5 E + 0 8
0 . 2 3 0 2 5 . 8 4 7 6 5 0 0.4 14 1 2 8 E - 1 1 0 . 6 8 9 5 2 3 E + 0 8
0.231 2 6 . 0 8 2 3 8 0 0 - 4 1 7 8 8 9 E - 11 0 . 6 9 2 5 2 1E+08
0 . 2 3 2 2 6 . 3 1 8 2 9 0 0 . 4 2 1 6 6 9 E — 11 O . 6 9 5 5 1 8E + 08
0 . 2 3 3 2 6 . 5 5 5 4  10 0 . 4254 6 8 E - 1 I O . 6 9 8 5 1 6 E + 0 8
0 . 2 3 4 2 6 . 7 9 3 7 2 0 0 . 4 2 9 2 8 6 E - 1 1 0 . 7 0 1 5 1 4 E+OS
O . 235 2 7 . 0 3 3 2 3 0 O .43312 3 E - 1 1 0 . 7 0 4 5 1 2 E + 0 8
0 . 236 2 7 . 2 7 3 9 4 0 O .4 3 6 9 8 0 E - 11 0 . 7 0 7 5 1 0 E + 0 8
O . 237 2 7 . 5 1 5 8 5 0 O . 4 4 0 8 5 6 E - 1 1 O .7 1 0 5 0 8 E + 0 8
0 . 2 3 8 2 7 . 7 5 8 9 7 0 0 . 4 4 4 7 5 1 E - 1 1 O . 7 1 3 5 0 6 E + 0 S
0 . 239 2 8 . 0 0 3 3 0 0 O .4 4 8 6 6 6 E - 11 0 . 7 1 6 5 0 4 E + 0 8
0 . 2 4 0 2 8 . 2 4 8 8 3 0 O ,4 5 2 6 0 0 E - 1 1 O . 7 1 9 5 0 2 E + 0 8
0.24 1 2 8 . 4 9 5 5 9 0 0 . 4 5 6 5 5 3 E - 1 1 0 . 7 2 2 5 0 0 E + 0 8
0 . 2 4 2 2 8 . 7 4 3 5 6 0 O .4 6 0 5 2 6 E - 1 1 0 . 7 2 5 4 9 8 E + 0 8
0 . 2 4 3 2 8 . 9 9 2 7 4 0 O .4 6 4 5 1 9 E - 11 O . 7 2 8 4 9 6 E + 0 8
0 . 2 4 4 2 9 . 2 4 3 1 5 0 O .4 6 8 5 3 1 E - 1 1 0 . 7 3 1494E+08
0 . 2 4 5 2 9 . 4 9 4 7 9 0 O .4 7 2 5 6 2 E - 11 0 . 7 3 4 4 9 2 E + 0 8
O . 246 2 9 . 7 4 7 6 5 0 0 . 4 7 6 6 1 4 E - 1 1 0 . 7 3 7 4 8 9 E + 0 8
0 .247 3 0 . 0 0 1 7 3 0 O .4 8 0 6 8 5 E - 1 1 0 . 7 4 0 4 8 7 E + 0 8
0 . 2 4 8 3 0 . 2 5 7 0 5 0 O .4 8 4 7 7 5 E - 11 0 . 7 4 3 4 S 5 E + 0 8
0 . 2 4 9 3 0 . 5 1 3 6 1 0 0 . 4 8 8 8 8 6 E - 11 0 . 7 4 6 4 8 3 E + 0 8
0 . 2 5 0 3 0 . 7 7 1 4 0 0 0 . 4 9 3 0 1 6 E - 1  1 0 . 7 4 9 4 8 1 E + 0 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E N E R G Y - V E L O C I T Y  C O N V E R S I O N  FOR
< C o n t  i n u e d )
P R O T O N  74
Be t a Ener gy E n e r g y V e 1oci ty
(v/c ) ( M e V  ) ( j o u 1e ) ( m / s )
0.251 31 - 0 3 0 4 4 0 0 . 497166E-1 O .7 5 2 4 7 9 E + 0 8
0 . 252 3 1 . 2 9 0 7 2 0 O .501 3 3 7 E - 1 O .7 5 5 4 7 7 E + 0 8
O . 253 3 1 . 5 5 2 2 4 0 0 . 5 0 5 5 2 7 E - 1 0 . 7 5 8 4 7 5 E + 0 8
0.254 3 1 . 8 1 5 0 1 0 0 . 5 0 9 7 3 7 E - 1 0 . 7 6 1 4 7 3 E + 0 8
0 . 2 5 5 3 2 . 0 7 9 0 3 0 0 . 5 1 3 9 6 7 E - 1 O . 7 6 4 4 7 1 E +08
0 .256 3 2 . 3 4 4 3 2 0 0 . 5 1 8 2 1 7 E - 1 O .7 6 7 4 6 9 E + 0 8
0 . 2 5 7 3 2 . 6 1 0 8 5 0 O .5 2 2 4 8 8 E — 1 O . 7 7 0 4 6 7 E + 0 8
0 .258 3 2 . 8 7 8 6 4 0 0 . 5 2 6 7 7 8 E - 1 0 . 7 7 3 4 6 4 E + 0 8
0 . 2 5 9 3 3 . 1 4 7 7 1 0 0 . 5 3 1 0 8 9 E - 1 O .7 7 6 4 6 2 E + 0 8
0 . 2 6 0 3 3 . 4 1 8 0 3 0 0 . 535420E-1 0 . 7 7 9 4 6 0 E + 0 8
0.261 3 3 . 6 8 9 6 2 0 O .5397 7 1 E - 1 0 . 7 8 2 4 5 8 E + 0 8
0 .262 3 3 . 9 6 2 4 8 0 0 .544143E-1 0 . 7 8 5 4 5 6 E + 0 8
O . 263 34 . 2 3 6 6 3 0 0 . 5 4 8 5 3 6 E - 1 O .7 8 8 4 5 4 E + 0 8
0.264 3 4 . 5 1 2 0 4 0 0 . 5 5 2 9 4 8 E - 1 0 . 7 9 1 4 5 2 E + 0 8
0 . 2 6 5 34 . 7 8 8 7 3 0 0 . 5 5 7 3 8 1 E - 1 O .7 9 4 4 5 0 E + 0 8
0 .266 3 5 . 0 6 6 7 2 0 0 . 5 6 1 8 3 5 E - 1 O . 7 9 7 4 4 8 E + 0 8
0 . 2 6 7 3 5 . 3 4 5 9 9 0 O . 5 6 6 3 1 0 E - 1 O .8 0 0 4 4 6 E + 0 8
O .268 3 5 . 6 2 6 5 5 0 O .5 7 0805E-1 O .8 0 3 4 4 4 E + 0 8
0 . 2 6 9 3 5 . 9 0 8 4 0 0 O .5 7 5 3 2 0 E - 1 O .8 0 6 4 4 2 E + 0 8
0 . 2 7 0 3 6 . 1 9 1 5 5 0 0 . 5 7 9 8 5 7 E - 1 0 . 8 0 9 4 4 0 E + 0 8
0.27 1 3 6 . 4 7 5 9 9 0 0 . 5 8 4 4 1 4 E - 1 O . 8 1 2 4 3 8 E + 0 8
0 . 2 7 2 3 6 . 7 6 1 7 5 0 0 . 5 8 8 9 9 3 E - 1 0 . 8 1 5 4 3 6 E + 0 8
0 . 2 7 3 3 7 . 0 4 8 7 9 0 0 .593592E-1 O . 8 1 8 4 3 3 E + 0 8
0.274 3 7 . 3 3 7 1 5 0 0 . 5 9 S 2 1 2 E - 1 0 . 8 2 1 4 3 1 E + 0 8
0 . 2 7 5 3 7 . 6 2 6 8 3 0 0 . 6 0 2 8 5 3 E - 1 O .S 2 4 4 2 9 E + 0 8
0 . 2 7 6 3 7 . 9 1 7 8 2 0 O . 6 0 7 5 1 5 E - 1 O . 8 2 7 4 2 7 E + 0 8
0 . 2 7 7 3 8 . 2 1 0 1 3 0 0 . 6 1 2 1 9 9 E - 1 O . 8 3 0 4 2 5 E + 0 8
0 . 2 7 8 3 8 . 5 0 3 7 5 0 0 . 6 1 6 9 0 3 E — 1 O .8 3 3 4 2 3 E + 0 8
O . 279 3 8 . 7 9 8 7 1 0 O . 6 2 1 6 2 9 E - 1 O .8 3 6 4 2 1 E + 0 8
0 . 2 8 0 3 9 . 0 9 4 9 9 0 0 . 6 2 6 3 7 6 E - 1 0 . 8 3 9 4 1 9 E + 0 8
0.281 3 9 . 3 9 2 5 9 0 0 . 6 3 1 144E-1 0 . 8 4 2 4  17E+08
0 . 2 8 2 3 9 . 6 9 1 5 4 0 0 . 6 3 5 9 3 4 E - 1 0 . 8 4 5 4 1 5 E + 0 8
0 . 2 8 3 3 9 . 9 9  1830 O .6 4 0 7 4 5 E - 1 0 . 8 4 8 4  138+08
0.284 4 0 . 2 9 3 4 5 0 O . 6 4 5 5 7 7 E - 1 0 . 8 5 1 4 1 1E+08
0 . 2 8 5 4 0 . 5 9 6 4 2 0 0 . 6 5 0 4 3 1 E - 1 O .8 5 4 4 0 8 E + 0 8
0 .286 4 0 . 9 0 0 7 4 0 O .6 55307E-1 0 . 8 5 7 4 0 6 E + 0 8
O .287 4 1 .206410 0 . 6 6 0 2 0 5 E - 1 0 . 8 6 0 4 0 4 8 + 0 8
0 .288 41 .513430 0 . 6 6 5 1 2 4 E - 1 O . 8 6 3 4 0 2 8 + 0 8
O . 289 4 1 . 8 2 1 8 2 0 0 . 6 7 0 0 6 5 E - 1 O .8664 0 0 8 + 0 8
0 . 2 9 0 4 2 . 1 3 1 5 5 0 0 . 6 7 5 0 2 7 E - 1 0 . 8 6 9 3 9 8 E + 0 8
0 . 291 4 2 . 4 4 2 6 7 0 O .6 8 0 0 1 2 E - 1 0 . 8 7 2 3 9 6 8 + 0 8
0 .292 4 2 . 7 5 5 1 4 0 O .6 8 5 0 1 8 E - 1 0 . 8 7 5 3 9 4 E + 0 8
0 . 2 9 3 4 3 . 0 6 9 0 0 0 O . 6 9 0 0 4 7 E - 1 0 . 8 7 8 3 9 2 E + 0 8
0 .294 4 3 . 3 8 4 2 2 0 0 . 6950 9 7 E - 1 0 . 8 8 1 3 9 0 E + 0 8
0 . 2 9 5 4 3 . 7 0 0 8 2 0 O . 7 0 0 1 7 0 E - 1 0 . 8 8 4 3 8 8 8 + 0 8
0 .296 4 4 . 0 1 8 8 2 0 0 . 7052 6 5 E - 1 0 . 8 8 7 3 8 6 E + 0 8
0 . 2 9 7 4 4 . 3 3 8 1 9 0 O . 7 1 0 3 8 2 E - 1 0 . 8 9 0 3 8 4 8 + 0 8
0 . 2 9 8 4 4 . 6 5 8 9 6 0 0 . 7 1 5 5 2 1 E - 1 0 . 8 9 3 3 8 2 8 + 0 8
0 . 2 9 9 4 4 . 9 8 1 1 2 0 0 . 7 2 0 6 8 3 E - 1 0 . 8 9 6 3 7 9 8 + 0 8
0 . 3 0 0 4 5 . 3 0 4 6 8 0 0 . 7 2 5 8 6 7 E - 1 0 . 8 9 9 3 7 7 E + 0 8
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( v/c > ( MeV ) (joule) ( m/s >
0.001 0 . 0 0 1 8 6 4 0 . 2 9 8 6 0 1 E - 1 5 0 . 2 9 9 7 9 2 E + 0 6
0 .002 0 . 0 0 7 4 5 5 0 . 1 19441E-14 0 . 5 9 9 5 8 5 E + 0 6
O . 003 0 . 0 1 6 7 7 3 0 . 2 6 8 7 4 2 E - 1 4 O .8 9 9 3 7 7 E + 0 6
0 .004 0 . 0 2 9 8 2 0 0 . 4 7 7 7 6 7 E - 1 4 0 . 1 199 1 7 E + 0 7
0 . 0 0 5 O .046593 0 . 7 4 6 5 1 6 E - 1 4 O .1 4 9 8 9 6 E + 0 7
0 . 0 0 6 0 . 0 6 7 0 9 5 O - I 0 7 4 9 9 E - 13 O .1 7 9 8 7 5 E + 0 7
0 . 0 0 7 0 . 0 9 1 3 2 5 O . 1 4 6 3 2 0 E - 13 O .2 0 9 8 5 5 E + 0 7
0. 008 0 . 1 1 9 2 8 3 O . 1 9 1 1 14E-13 O .2 3 9 8 3 4 E + 0 7
0 . 0 0 9 O .150969 O . 2 4 1 8 8 1 E - 13 O .2 6 9 8 1 3 E + 0 7
0 . 0 1 0 O .186384 0 . 2 9 8 6 2 3 E - 1 3 O . 2 9 9 7 9 2 E + 0 7
0.011 O .225529 0 . 3 6 1 3 4 0 E - 1 3 O .3 2 9 7 7 2 E + 0 7
0 .012 0 . 2 6 8 4 0 2 0 . 4 3 0 0 3 1 E - 1 3 0 . 3 5 9 7 5 1 E + 0 7
0 . 0 1 3 0 . 3 1 5 0 0 6 O . 5 0 4 6 9 9 E - 1 3 O . 3 8 9 7 3 0 E + 0 7
0.014 0 . 3 6 5 3 4 0 0 . 5 8 5 3 4 3 E - 1 3 0.4 1 9 7 0 9 E + 0 7
0 . 0 1 5 0 . 4 1 9 4 0 4 0 . 6 7 1 9 6 5 E - 1 3 O .4 4 9 6 8 9 E + 0 7
0 .016 O .477200 O .7 6 4 5 6 5 E - 1 3 O .4 7 9 6 6 8 E + 0 7
0 . 0 1 7 O . 5 3 8 7 2 7 O . 8 6 3 1 4 3 E - 1 3 O .5 0 9 6 4 7 E + 0 7
0 . 0 1 8 O .603987 0 . 9 6 7 7 0 1 E - 1 3 0 .5396 2 6 E + 0 7
0 . 0 1 9 0 . 6 7 2 9 7 9 O . 1 0 7 S 2 4 E - 1 2 O . 5 6 9 6 0 6 E + O 7
O . 020 0 . 7 4 5 7 0 5 O . 1 194 7 6 E - 1 2 O .5 9 9 5 8 5 E + 0 7
0.021 0 . 8 2 2 1 6 5 O . 1 3 1 7 2 6 E - 1 2 O .6 2 9 5 6 4 E + 0 7
O. 022 O .902360 O . 1 4 4 5 7 5 E - 1 2 0 . 6 5 9 5 4 3 E + 0 7
O .023 O .986291 O . 1 5 8 0 2 2 E - 12 0 . 6 8 9 5 2 3 E + 0 7
0 . 0 2 4 1 . 0 7 3 9 5 8 O . 1 7 2 0 6 8 E - 1 2 0 . 7 1 9 5 0 2 E + 0 7
0 . 0 2 5 1.165361 O . 1 8 6 7 1 3 E - 12 O .7 4 9 4 8 1 E + 0 7
0 . 0 2 6 1 . 2 6 0 5 0 3 O . E 0 1 9 5 6 E - 1 E 0 . 7 7 9 4 6 0 E + 0 7
0 . 0 2 7 1.359384 0 . 2 1 7 7 9 9 E - 1 2 O . 8 0 9 4 4 0 E + 0 7
O. 028 1.462004 0 . 2 3 4 2 4 1 E - 1 2 0 . 8 3 9 4 1 9 E + 0 7
0 . 0 2 9 1 . 5 6 8 3 6 4 O . 2 5 1 2 8 2 E - 12 O .8 6 9 3 9 8 E + 0 7
0 . 0 3 0 1 .678467 0 . 2 6 8 9 2 2 E - 1 2 O .8 9 9 3 7 7 E + 0 7
0.031 1 . 7 9 2 3 1 2 0 . 2 8 7 1 6 2 E - 1 2 0 . 9 2 9 3 5 7 E + 0 7
0 . 0 3 2 1 . 9 0 9 9 0 0 0 . 3 0 6 0 0 2 E — 12 O .9 5 9 3 3 6 E + 0 7
O. 0 33 2 . 0 3 1 2 3 3 0 . 3 2 5 4 4 2 E - 1 2 O .9 8 9 3 1 5 E + 0 7
0. 034 2 . 1 5 6 3 1 2 O .3 4 5 4 8 2 E - 12 O .1 0 1 9 2 9 E + 0 8
O. 035 2 . 2 8 5 1 3 7 0 . 3 6 6 1 2 2 E — 12 O .10 4 9 2 7 E + 0 8
O . 036 2 . 4 1 7 7  11 O .3 8 7 3 6 3 E - 12 0 . 1 07925E+-08
O . 037 2 . 5 5 4 0 3 4 O . 4 O 9 2 0 5 E - 1 2 O . 110923C4 08
0 . 0 3 8 2 . 6 9 4 1 0 7 0 . 4 3 1 6 4 7 E - 12 0 . 1 139 2 1 E + 0 8
0 . 0 3 9 2 . 8 3 7 9 3 2 0 . 4 5 4 6 9 0 E - 1 2 0 . 1 1691 9 E + 0 8
0 . 040 2 . 9 8 5 5 1 O 0 . 4 7 8 3 3 5 E - 1 2 0 . 1 199 1 7 E + 0 8
0.041 3 . 1 3 6 8 4 2 0 . 5 0 2 S 8 1 E - 1 2 0 . 1229 1 5 E + 0 8
0. 042 3 . 2 9 1 9 3 0 O .5 2 7 4 2 9 E - 12 O . 1 2 5 9 1 3 E + 0 8
0 . 0 4 3 3 . 4 5 0 7 7 5 O .5 5 2 8 8 0 E - 12 0 . 1 2 8 9 1 1E+08
0.044 3 . 6 1 3 3 7 9 O - 5 7 8 9 3 2 E - 1 2 0. 131909E+-0S
0 . 0 45 3 . 7 7 9 7 4 3 0 . 6 0 5 5 8 6 E - 1 2 O . 13 4 9 0 7 E + 0 8
0 .046 3 . 9 4 9 8 6 7 O . 6 3 2 8 4 3 E - 1 2 0 . 1 3 7 9 0 5 E + 0 8
0 . 0 4 7 4 . 1 2 3 7 5 5 O . 6 6 0 7 0 4 E - 1 2 0 . 1 4 0 9 0 2 E + 0 8
0 . 0 4 8 4 . 3 0 1 4 0 9 0 . 6 8 9 1 6 7 E - 1 2 0 . 1 4 3 9 0 0 E + 0 8
0. 049 4 . 4 8 2 8 2 8 0 . 7 1 8 2 3 4 E - 1 2 O .1 4 6 8 9 8 E + 0 8
0 . 050 4 .668015 0 . 7 4 7 9 0 4 E - 12 0 . 1 4 9 8 9 6 E + 0 8
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( v/c ) ( MeV ) < joule) ( m /s )
0.051 4.856971 0 . 7 7 8 1 7 9 E - 1 2 0 . 1 5 2 8 9 4 E + 0 8
0 . 0 5 2 5 . 0 4 9 6 9 9 0 . 8 0 9 0 5 7 E - 1 2 O . 1 5 5 8 9 2 E + 0 8
0 .053 5 . 2 4 6 2 0 0 0 . 8 4 0 S 4 0 E - 1 2 0 . 1 5 8 8 9 0 E + 0 S
0 .054 5 . 4 4 6 4 7 6 0 . 8 7 2 6 2 8 E - 1 2 0 . 1 6 1 8 8 8 E + 0 8
0 .055 5 - 6 5 0 5 2 8 O . 9 0 5 3 2 1 E - 1 2 0 . 1 6 4 8 8 6 E + 0 8
0 . 0 5 6 5 . 8 5 8 3 5 9 O .9 3 8 6 2 0 E - 1 2 0 . 1 6 7 8 8 4 E + 0 8
0.057 6 . 0 6 9 9 7 0 0 . 9 7 2 5 2 4 E - 1 2 O . 1 7 0 8 8 2 E + 0 8
0 . 0 5 8 6 . 2 8 5 3 6 3 0 . 1 0 0 7 0 3 E - 1 1 0 - 173880E + 08
0.059 6.504541 O .1 0 4 2 1 5 E - 11 0 . 1 7 6 8 7 8 E + 0 8
0 .060 6 . 7 2 7 5 0 4 O .1 0 7 7 8 7 E - 1 1 0 . 1 7 9 8 7 5 E + 0 8
0.061 6 . 9 5 4 2 5 7 0 . 1 1 1 4 2 0 E - 1 1 0 . 1 8 2 8 7 3 E + 0 8
0 . 062 7 . 1 8 4 7 9 9 0 . 1 1 5 1 1 4 E - 11 O . 1 8 5 8 7 1 E+08
0 . 0 6 3 7-4 19134 0 . 1 1 8 8 6 9 E - 11 0 . 1 8 8 8 6 9 E + 0 8
0 . 064 7 . 6 5 7 2 6 4 O , 1 2 2 6 8 4 E - 1 1 0 . 1 9 1 8 6 7 E + 0 8
0 . 0 6 5 7 . 8 9 9 1 8 9 O . 1 2 6 5 6 0 E - 1 1 O .19 4 8 6 5 E + 0 8
0 - 0 6 6 a . 144915 O . 1 3 0 4 9 7 E - 1 1 O . 1 9 7 8 6 3 E + 0 8
0 . 067 8 . 3 9 4 4 4 1 0 . 1 3 4 4 9 5 E - 11 0 . 2 0 0 8 6 1 E + 0 8
O . 068 8.6 4 7 7 7 1 O . 1 3 8 5 5 4 E - 1 1 O .2 0 3 8 5 9 E + 0 8
0 . 069 8 . 9 0 4 9 0 5 O .1 4 2 6 7 3 E - 1 1 0 . 2 0 6 8 5 7 E + 0 8
O. 070 9 . 1 6 5 8 4 9 0 . 1 4 6 8 5 4 E - 1 1 0 . 2 0 9 8 5 5 E + 0 8
0. 071 9 . 4 3 0 6 0 3 O .1 5 1 0 9 6 E - 1 1 0 . 2 1 2 8 5 3 E +08
0 . 0 7 2 9 . 6 9 9 1 6 8 O .1 5 5 3 9 9 E - 1 1 0 . 2 1 5 8 5 1 E + 0 8
0.073 9 . 971551 O . 159763E-1 1 0 . 2 1 8 849E+08
0 .074 1O .247750 O . 1 6 4 1 8 8 E - 1 1 O .2 2 1 8 4 6 E + 0 8
0 . 075 1 0 . 5 2 7 7 7 0 0 . 1 6 8 6 7 5 E - 11 O .2 2 4 8 4 4 E + 0 8
0 . 0 7 6 1 0 . 8 1 1 6 1 0 O . 1 7 3 2 2 2 E - 1 1 O .2 2 7 8 4 2 E + 0 8
0 - 0 7 7 1 1 . 0 9 9 2 8 0 0 . 1 7 7 8 3 2 E - 1 1 O .2 3 0 8 4 0 E + 0 8
0 . 0 7 8 1 1 . 3 9 0 7 8 0 0 . 1 8 2 5 0 2 E - 1 1 O .2 3 3 8 3 8 E + 0 8
0 . 079 1 1 . 6 8 6 1 lO O .1 8 7 2 3 4 E - 1 1 O . 2 3 6 8 3 6 E + 08
0 . 0 80 1 1 . 9 8 5 2 7 0 0 . 1 9 2 0 2 7 E - 11 0 . 2 3 9 8 3 4 E + 0 8
0.081 1 2 . 2 8 8 2 6 0 O . 1 9 6 8 8 1 E - 1 1 0 . 2 4 2 8 3 2 E + 0 8
O . 082 1 2 . 5 9 5 1 0 0 O - 2 0 1 7 9 7 E - 1  1 O .2 4 5 8 3 0 E + 0 8
0.083 1 2 . 9 0 5 7 8 0 0 . 2 0 6 7 7 5 E - 1 1 O .2 4 8 8 2 8 E + 0 8
0 . 0 8 4 1 3 . 2 2 0 3 0 0 0 . 2 1 1 8 1 4 E - 1 1 0 . 2 5 1 8 2 6 E + 0 S
0 . 085 1 3 . 5 3 8 6 7 0 0 . 2 1 6 9 1 5 E - 1 1 0 . 2 5 4 8 2 4 E + 0 8
0 . 0 8 6 1 3 . 8 6 0 8 9 0 O . 2 2 2 0 7 8 E - 11 O .2 5 7 8 2 2 E + 0 8
0. 087 14 . 1 8 6 9 6 0 0 . 2 2 7 3 0 2 E - 1 1 0 . 2 6 0 8 1 9 E + 0 8
0 . 0 8 8 14 .516890 O . 2 3 2 5 8 8 E - 11 0 . 2 6 3 8 17E+08
0 .089 1 4 . 8 5 0 6 8 0 0 . 2 3 7 9 3 6 E - 1  1 0 . 2 6 6 8 1 5 E + 0 8
0 . 090 1 5 . 1 8 8 3 4 0 O - 2 4 3 3 4 6 E - 1 1 0 . 2 6 9 8 1 3 E+08
0.091 1 5 . 5 2 9 8 5 0 0 . 2 4 8 8 1 8 E - 1 1 0.27281lE+Oa
0 . 0 9 2 1 5 . 8 7 5 2 4 0 0 . 2 5 4 3 5 1 E - 1 1 0 . 2 75809E+08
0 . 093 1 6 . 2 2 4 5 0 0 0 . 2 5 9 9 4 7 E - 1 1 0 .2788078 + 08
O . 094 1 6 . 5 7 7 6 3 0 O - 2 6 5 6 0 5 E - 11 0 . 2 8 1 8 0 5 E + 0 8
0 . 0 95 1 6 . 9 3 4 6 4 0 0 . 2 7 1 3 2 5 E - 1  1 O .2 8 4 8 0 3 E + 0 8
O. 096 1 7 . 2 9 5 5 4 0 O . 2 7 7 1 0 7 E - 1 1 0 . 2 87801E+08
0 . 0 9 7 1 7 . 6 6 0 3 2 0 0 . 2 8 2 9 5 2 E - 1 1 0 . 2 9 0 7 9 9 E + 0 8
0 . 0 9 8 1 8 . 0 2 8 9 8 0 0 . 2 8 8 8 5 8 2 - 1 1 0 . 2 9 3 7 9 7 E + 0 8
0 .099 I S .401540 0 . 2 9 4 8 2 7 E - 1 1 O . 2 9 6 7 9 5 E + O B
0 , 100 1 8 . 7 7 7 9 9 0 0 . 3 0 0 8 5 9 E - 1 1 0 . 2 9 9 7 9 2 E + 0 8
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Be ta E n e r g y E n e r g y V e 1oc i t y
( v/c ) ( MeV ) (joule) ( m/s )
0.101 19 . 1 5 8 3 5 0 0 . 3 0 6 9 5 3 E - 1 1 O .3 0 2 7 9 0 E + 0 8
O. 102 1 9 . 5 4 2 6 0 0 O . 3 1 3 1 0 9 E - 1 1 O . 3 0 5 7 8 8 2 + 0 8
O . 1 03 1 9 . 9 3 0 7 6 0 0 . 3 1 9 3 2 9 E - 1 1 O . 3 0 8 7 8 6 E + 0 8
0. 104 2 0 . 3 2 2 8 3 0 0 . 3 2 5 6 1 0 E - 1 1 0 . 3 1 178 4 E + 0 8
0. 105 2 0 . 7 1 8 8 1 0 0 . 3 3 1 9 5 5 E - 1 1 O . 3 1 4 7 S 2 E + 0 8
O. 106 2 1.1 1 8 7 2 0 0 . 3 3 8 3 6 2 E - 1 1 0 . 3 1 7 7 8 0 E + 0 8
O. 107 2 1 . 5 2 2 5 4 0 O . 3 4 4 8 3 2 E - 1 1 O .3 2 0 7 7 8 E + 0 8
0 , 108 2 1 . 9 3 0 2 8 0 0 . 3 5 1 3 6 5 E - 1 1 O .3 2 3 7 7 6 E + 0 8
O. 109 2 2 . 3 4 1 9 5 0 0 . 3 5 7 9 6 0 E - 1 1 O . 3 2 6 7 7 4 E + 0 8
0 - 1 1 0 2 2 . 7 5 7 5 6 0 0 . 3 6 4 6 1 9 E - 1  1 O .3 2 9 7 7 2 E + 0 8
0.111 23. 1771 DO 0 . 3 7 1 3 4 1 E - 1 1 0 . 3 3 2 7 7 0 E + 0 8
0 .112 2 3 . 6 0 0 5 7 0 0 . 3 7 8 1 2 6 E - 1 1 O .3 3 5 7 6 8 E + 0 8
0 . 1 1 3 2 4 . 0 2 7 9 9 0 0 . 3 8 4 9 7 4 E - 1 1 O .3 3 8 7 6 5 E + 0 8
0.114 2 4 . 4 5 9 3 6 0 0 . 3 9 1 8 8 5 E - 1 1 0 . 3 4 1 7 6 3 E + 0 8
0 . 1 1 5 2 4 . 8 9 4 6 9 0 O .3 9 8 8 6 0 E - 1 1 O .3 4 4 7 6 1 E + 0 8
0 .116 2 5 . 3 3 3 9 6 0 O .4 0 5 8 9 8 E - 1 1 0 . 3 4 7 7 5 9 E + 0 8
0 . 1 1 7 2 5 . 7 7 7 2 0 0 0 . 4 1 2 9 9 9 E - 1 1 O .3 5 0 7 5 7 E + 0 8
0 .118 2 6 . 2 2 4 4 0 0 O . 4 2 0 1 6 4 E - 1 1 O .3 5 3 7 5 S E + 0 8
0 . 1 1 9 2 6 . 6 7 5 5 7 0 O .4 2 7 3 9 3 E - 1 1 O .3 5 6 7 5 3 E + O S
0. 120 2 7 . 1 3 0 7 0 0 O .4 3 4 6 8 5 E - 1 1 O . 3 5 9 7 5 1E+08
0.121 2 7 . 5 8 9 8 2 0 0 . 4 4 2 0 4 1 E - 1 1 O .3 6 2 7 4 9 E + 0 8
0. 122 2 8 . 0 5 2 9 2 0 O .4 4 9 4 6 1 E - 1 1 O .3 6 5 7 4 7 E + 0 8
O. 123 2 8 . 5 2 0 0 0 0 0 . 4 5 6 9 4 4 E - 1 1 O .3 6 8 7 4 5 E + 0 8
0. 124 2 8 . 9 9 1 0 7 0 O .4 6 4 4 9 2 E - 1 1 O .3 7 1 7 4 3 E + 0 8
0. 125 2 9 . 4 6 6 1 4 0 0 . 4 7 2 1 0 3 E - 1 1 O . 3 7 4 7 4 1E+08
0 . 126 2 9 . 9 4 5 2 0 0 O . 4 7 9 7 7 9 E - 1 1 O .3 7 7 7 3 9 E + 0 8
O. 127 3 0 . 4 2 8 2 7 0 0 . 4 8 7 5 1 8 E - 1 1 O .3 8 0 7 3 6 E + 0 8
0. 128 3 0 . 9 1 5 3 4 0 0 . 4 9 5 3 2 2 E - 1 1 O .3 S 3 7 3 4 E + O 0
O. 129 3 1 . 4 0 6 4 2 0 0 . 5 0 3 1 9 0 E - 1 1 0 . 3 8 6 7 3 2 E + 0 8
0. 130 3 1 . 9 0 1 5 2 0 0 . 5 1 1 1 2 3 E - 1 1 O .3 8 9 7 3 0 E + 0 8
0.131 3 2 . 4 0 0 6 5 0 0 . 5 1 9 1 2 0 E - 1 1 0 . 3 9 2 7 2 8 E + 0 8
0. 132 3 2 . 9 0 3 8 0 0 0 . 5 2 7 1 8 1 E - 1 1 0 . 3 9 5 7 2 6 E + 0 8
0. 133 3 3 . 4 1 0 9 8 0 0 . 5 3 5 3 0 7 E - 11 O .3 9 8 7 2 4 E + 0 8
0. 134 3 3 . 9 2 2 1 9 0 O .5 4 3 4 9 8 E - 11 O . 4 0 1 7 2 2 E + 0 8
0. 135 3 4 . 4 3 7 4 5 0 0 . 5 5 1 7 5 3 E - 1 1 O .4 0 4 7 2 0 E + 0 8
0. 136 3 4 . 9 5 6 7 5 0 0 . 5 6 0 0 7 3 E - 1 1 O . 4 0 7 7 1 8 E + 0 8
O. 137 3 5 . 4 8 0 0 9 0 O .5 6 S 4 5 8 E - 11 0 . 4 1 0 7 1 6 E + 0 8
0. 138 3 6 . 0 0 7 5 0 0 0 . 5 7 6 9 0 8 E - 1 1 0 . 4 1 3 7 1 4 E + 0 8
O. 139 3 6 . 5 3 8 9 6 0 0 . 5 8 5 4 2 3 E - 1 1 0 . 4 1 6 7 1 2 E+08
0 - 1 4 0 3 7 . 0 7 4 5 0 0 0 . 5 9 4 0 0 4 E - 1 1 0 . 4 1 9 7 0 9 E + 0 8
0.14 1 37.6 14 100 0 - 6 0 2 6 4 9 E - 1 1 O .4 2 2 7 0 7 E + 0 8
0 . 1 42 3 8 . 1 5 7 7 7 0 0 . 6 1 1 3 6 0 E - 11 0 . 4 2 5 7 0 5 E + 0 8
O. 143 3 8 . 7 0 5 5 3 0 O . 6 2 0 1 3 6 E - 1 1 O . 4 2 8 7 0 3 E  + 08
0. 144 3 9 . 2 5 7 3 6 0 0 . 6 2 8 9 7 7 E - 1 1 0 .4317 0 1 E + 0 8
O. 145 3 9 . 8 1 3 2 9 0 O . 6 3 7 S 8 4 E - 1 1 O .4 3 4 6 9 9 E + 0 8
0 . 1 4 6 4 0 . 3 7 3 3 3 0 0 . 6 4 6 8 5 7 E — 11 0 . 4 3 7 6 9 7 E + 0 8
O. 147 4 0 . 9 3 7 4 5 0 0 . 6 5 5 8 9 5 E - 1  1 O .4 4 0 6 9 5 E + 0 8
0. 148 4 1 . 5 0 5 6 9 0 0 . 6 6 5 0 0 0 E - 1 1 0 . 4 4 3 6 9 3 E + 0 8
0 . 1 4 9 4 2 . 0 7 8 0 4 0 0 . 6 7 4  1 7 0 E - 1 1 0 . 4 4 6 6 9 1 E + O 8
0. 150 4 2 . 6 5 4 5 1 0 0 . 6 8 3 4 0 6 E -  1 1 0 . 4 4 9 6 8 9 E + 0 8
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Beta E n e r g y E n e r g y V e 1oci ty
( v/c ) (MeV ) (j o u 1e ) ( m/ s >
0. 151 4 3 . 2 3 5 0 9 0 0 . 6 9 2 7 0 8 E - 11 O . 4 5 2 6 8 7 E + 0 8
0 . 152 4 3 . 8 1 9 8 1 0 O .7 0 2 0 7 6 E - 1 1 O .4 5 5 6 8 5 E + 0 8
0. 153 4 4 . 4 0 8 6 6 0 0 - 7 1 1 5 1 l E - 1 1 O . 4 5 8 6 8 2 E + O S
O. 154 4 5 . 0 0 1 6 5 0 0 . 7 2 1 0 1 2 E - 1 1 O .4 6 1 6 8 0 E + 0 8
0. 155 4 5 . 5 9 8 7 9 0 O .7 3 0 5 7 9 E - 11 0 . 4 6 4 6 7 8 E + 0 8
O. 156 4 6 . 2 0 0 0 8 0 0 . 7 4 0 2 1 3 E - 1 1 O .4 6 7 6 7 6 E + 0 8
0. 157 4 6 . 8 0 5 5 3 0 O . 7 4 9 9 1 3 E - 1 1 O .4 7 0 6 7 4 E + 0 8
0. 158 4 7 . 4 1 5 1 4 0 0 . 7 5 9 6 8 0 E - 1 1 0 . 4 7 3 6 7 2 E + 0 8
0. 159 4 8 . 0 2 8 9 1 O 0 . 7 6 9 5 1 4 E - 1 1 O .4 7 6 6 7 0 E + 0 8
0 . 160 4 8 . 6 4 6 8 6 0 0 . 7 7 9 4  1 5 E - 1 1 O .4 7 9 6 6 8 E + 0 8
0.161 4 9 . 2 6 9 0 0 0 O .7 8 9 3 8 3 E - 1 1 0 . 4 8 2 6 6 6 E + 0 8
O. 162 4 9 . 8 9 5 3 2 0 0 . 7 9 9 4 1 7 E - 1 1 O .4 8 5 6 6 4 E + 0 8
0. 163 5 0 . 5 2 5 8 3 0 0 . 8 0 9 5 1 9 E - 1 1 O .4 8 8 6 6 2 E + 0 8
0. 164 5 1 . 1 6 0 5 5 0 0 . 8 1 9 6 8 9 E - 1 1 0 . 4 9 1 6 6 0 E + 0 8
0. 165 5 1 . 7 9 9 4 6 0 0 . 8 2 9 9 2 5 E - 1 1 O .4 9 4 6 5 8 E + 0 8
O. 166 5 2 . 4 4 2 5 8 0 0 . 8 4 0 2 2 9 E - 1 1 0 . 4 9 7 6 5 5 E + 0 8
0. 167 5 3 . 0 8 9 9 3 0 O .8 5 0 6 0 1 E - 11 O .5 0 0 6 5 3 E + 0 8
O. 168 5 3 . 7 4 1 5 0 0 0 . 8 6 1 0 4 0 E - 1 1 O . 5 0 3 6 5 1E+08
0. 169 5 4 . 3 9 7 3 0 0 O .8 7 1 5 4 8 E - 11 0 . 5 0 6 6 4 9 E + 0 8
O . 170 5 5 . 0 5 7 3 3 0 0 . 8 8 2 1 2 3 E - 1 1 O .5 0 9 6 4 7 E + 0 8
0.171 5 5 . 7 2 1 6  10 O .8 9 2 7 6 6 E - 11 O .5 1 2 6 4 5 E + 0 8
O. 172 5 6 . 3 9 0 1 4 0 0 . 9 0 3 4 7 7 E - 1 1 0 . 5 1 5 6 4 3 E + 0 8
0. 173 5 7 . 0 6 2 9 2 0 O . 9 1 4 2 5 6 E - 1 1 0 . 5 1 8 6 4 1 E + 0 8
O. 174 5 7 . 7 3 9 9 6 0 O . 92510 3 E - 11 0 . 5 2 1 6 3 9 E + 0 8
0 . 175 5 8 . 4 2 1 2 8 0 0 . 9 3 6 0 1 9 E - 1 1 0 . 5 2 4 6 3 7 E + 0 8
0- 176 5 9 , 1 0 6 8 7 0 O .9 4 7 0 0 4 E - 1 1 0 . 5 2 7 6 3 5 E + 0 8
0 . 177 5 9 . 7 9 6 7 5 0 0 . 9 5 8 0 5 7 E - 1 1 0 .530633E-t-08
O . 178 6 0 . 4 9 0 9 1 O 0 . 9 6 9 1 7 9 E - 1 1 O .5 3 3 6 3 1 E +08
0. 179 6 1 . 1 8 9 3 7 0 0 . 9 B 0 3 6 9 E - 1 1 O .5 3 6 6 2 9 E + 0 8
O . ISO 6 1 . 8 9 2 1 3 0 0 . 9 9 1 6 2 9 E - 1 1 0 . 5 3 9 6 2 6 E + 0 8
0. 181 6 2 . 5 9 9 1 9 0 O . 1 O 0 2 9 6 E - 1 O 0 -5426 2 4 E + 0 8
O. 102 6 3 . 3 1 0 5 7 0 O .1 0 1 4 3 6 E - 1 O 0 . 5 4 5 6 2 2 E + 0 8
0. 183 6 4 . 0 2 6 2 8 0 O . 1 0 2 5 8 2 E - 10 O .5 4 8 6 2 0 E + 0 8
O . 184 6 4 . 7 4 6 3 2 0 O - 1 0 3 7 3 6 E - 1 0 O .5 5 1 6 1 8 E + 0 8
0 . 1 85 6 5 . 4 7 0 7 0 0 O . 1 0 4 8 9 6 E - 1 0 0 . 5 5 4 6 1 6 E + 0 8
0 . 186 6 6 . 1 9 9 4 2 0 O . 1 0 6 0 6 4 E — lO O . 5 5 7 6 14E+08
0 . 187 6 6 . 9 3 2 5 0 0 O . 1 0 7 2 3 9 E - 1 0 0 . 5 6 0 6  12E+08
O. 188 6 7 . 6 6 9 9 3 0 O . 1 0 8 4 2 0 E - 1 0 0 . 5 6 3 6 1 0 E + 0 8
O. 189 6 8 . 4 1 1 7 3 0 O . 1 0 9 6 0 9 E - 1 0 O .5 6 6 6 0 8 E + 0 8
O. 190 6 9 . 1 5 7 9 1 0 0 . 1 1 0 8 0 4 E - 1 0 0 . 5 6 9 6 0 6 E + 0 8
0.191 6 9 . 9 0 8 4 6 0 O . 1 120 0 7 E - 1 0 O .5 7 2 6 0 4 E + 0 8
O. 192 7 0 . 6 6 3 4 1 O O . 1 1 3 2 1 6 E - 1 0 0 . 5 7 5 6 0 2 E + 0 8
0. 193 71 . 422750 0 . 1 1 4 4 3 3 E - 1 0 0 . 5 7 8 5 9 9 E + 0 8
0. 194 7 2 . 1 8 6 4 9 0 O . 1 1 5 6 5 6 E - 1 0 0 . 5 8 1 5 9 7 E + 0 8
0 . 195 7 2 . 9 5 4 6 4 0 0 - 1 1 6 8 8 7 E - 1 O 0 . 5 8 4 5 9 5 E + 0 8
O. 196 7 3 . 7 2 7 2 2 0 O . 1 1 8 1 2 5 E - 1 0 O . 5 8 7 5 9 3 E + 0 8
0. 197 7 4 . 5 0 4 2 2 0 O . 1 1 9 3 7 0 E - 1 0 0 . 5 9 0 5 9 1 E + 0 8
0 . 198 75 - 2 8 5 6 6 0 O . 1 2 0 6 2 2 E - 1 0 O .5 9 3 5 8 9 E + 0 8
0 . 199 7 6 . 0 7 1 5 4 0 O. 12188 I E - 10 0 . 5 9 6 5 8 7 E + 0 8
0 . 2 0 Ô  ' 7 6 . 8 6 1 8 7 0 O . 1 2 3 1 4 7 E - 10 O .5 9 9 5 8 5 E + 0 8
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Be t a Ener gy E n e r g y V e 1oc i t y
( v/c ) ( MeV > ( joule) C m/s >
0.201 7 7 . 6 5 6 6 5 0 O . 1 2 4 4 2 1 E - 1 0 O .6 0 2 5 8 3 E + 0 8
0 .202 7 8 . 4 5 5 9 1 0 O . 1 2 5 7 0 1 E - 1 0 O . 6 0 5 5 8 1 E + 0 8
0 . 2 0 3 7 9 . 2 5 9 6 3 0 0 . 1 2 6 9 S 9 E - 1O O . 6 0 8 5 7 9 E + 0 8
0. 204 8 0 . 0 6 7 8 4 0 O . 1 2 8 2 8 4 2 - 1 0 0 . 6 1 1 577E+08
O .205 8 0 . 8 8 0 5 4 0 O . 1 2 9 5 S 6 E - 1 0 0 . 6 1 4 5 7 5 E + 0 8
0 . 206 8 1 . 6 9 7 7 4 0 O .1 3 0 8 9 5 E - 1 0 0 . 6 1 7 5 7 2 E + 0 8
0 - 2 0 7 8 2 . 5 1 9 4 5 0 0 . 1 3 2 2 1 2 E - 1 0 0 . 6 2 0 5 7 0 E + 0 8
0. 208 8 3 . 3 4 5 6 6 0 O . 1 3 3 5 3 6 E - 1 0 O .6 2 3 5 6 8 E + 0 8
0 .209 8 4 . 1 7 6 4 1 0 O . 1 3 4 8 6 7 E - 1 0 O .6 2 6 5 6 6 E + 0 8
0.210 8 5 . 0 1 1 6 7 0 0 . 1 3 6 2 0 5 E - 1 0 0 . 6 2 9 5 6 4 E + 0 S
0.211 8 5 . 8 5 1 4 9 0 O . 1 3 7 5 5 0 E - 1 O 0 . 6 3 2 5 6 2 E + 0 8
0.212 8 6 . 6 9 5 8 6 0 O .13 8 9 0 3 E - 1 O O .6 3 5 5 6 0 E + 0 8
0 . 2 1 3 8 7 . 5 4 4 7 0 0 O . 1 4 0 2 6 3 E - 1 0 O . 6 3 8 5 5 8 E + 0 8
0.214 8 8 . 3 9 8 2 7 0 O . 1 4 1 6 3 1 E - 1 0 0 . 6 4  1556E+08
0 . 2 1 5 8 9 . 2 5 6 3 4 0 O . 1 4 3 0 0 6 E - 1 0 O .6 4 4 5 5 4 E + 0 8
0.216 9 0 . 1 1 8 9 9 0 O . 1 4 4 3 8 8 E - 1 0 O . 6 4 7 5 5 2 E + 0 8
0 . 2 1 7 9 0 . 9 8 6 2 1 0 O . 1 4 5 7 7 7 E - 1 0 O .6 5 0 5 5 0 E + 0 8
0.218 9 1 . 8 5 8 0 6 0 O . 1 4 7 1 7 4 E - 1 0 O . 6 5 3 5 4 8 E + 0 8
0 . 2 1 9 9 2 . 7 3 4 5 0 0 O . 1 4 8 5 7 8 E - 1 0 O .6 5 6 5 4 5 E + 0 8
0 .220 9 3 . 6 1 5 5 7 0 0 . 1 4 9 9 9 0 E - 1 0 0 . 6 5 9 5 4 3 E + 0 8
0.221 9 4 . 5 0 1 2 7 0 0 . 1 5 1 4 0 9 E - 1 0 0 . 6 6 2 5 4 1 E+08
0.222 9 5 . 3 9 1 6 1 0 O . 1 5 2 8 3 5 E - 1 0 0 . 6 6 5 5 3 9 E + 0 8
0 . 2 2 3 9 6 . 2 8 6 5 9 0 O . 1 5 4 2 6 9 E - 10 O .6 6 8 5 3 7 E + 0 8
0-224 9 7 . 1 8 6 2 3 0 O . 1 5 5 7 1 lE-10 0 . 6 7 1 5 3 5 E + 0 8
0 . 2 2 5 9 8 . 0 9 0 5 2 0 O . 1 5 7 1 6 0 E - 1 0 O .6 7 4 5 3 3 E + 0 8
0.226 9 8 . 9 9 9 4 9 0 O . 1 5 8 6 1 6 E - 1 0 0 . 6 7 7 5 3 1 E + O S
0 . 2 2 7 9 9 . 9 1 3  150 O .1 6 0 0 8 0 E - 1 0 O . 6 8 0 5 2 9 E + 0 8
0.228 l O O .831500 O . 1 6 1 5 5 1 E - 1 0 O .6 8 3 5 2 7 E + 0 8
0 . 2 2 9 1 0 1 . 7 5 4 6 0 0 O . 1 6 3 0 3 0 E - 1 0 0 . 6 8 6 5 2 5 E + 0 8
0.230 1 0 2 . 6 8 2 3 0 0 0 . 1 6 4 5 1 7 E - 1 0 O .6 8 9 S 2 3 E + 0 8
0.231 1 0 3 . 6 1 4 8 0 0 0. 16601 I E - 10 O . 6 9 2 5 2 1 E + 0 8
0.232 1 0 4 . 5 5 2 0 0 0 O . 1 6 7 S 1 2 E - 1 0 0 . 6 9 5 5 1 8 E + 0 8
0 . 2 3 3 1 0 5 . 4 9 4 0 0 0 O . 1 6 9 0 2 1 E - 1 0 O .6 9 8 5 1 6 E + 0 8
0 .234 1 0 6 . 4 4 0 7 0 0 O .1 7 0 5 3 8 E - 1 0 0 . 7 0 1 5 1 4 E + 0 8
O . 2 3 5 1 0 7 . 3 9 2 2 0 0 O .17 2 0 6 3 E - 1 O 0 . 7 0 4 5 1 2 E + 0 8
0 . 2 3 6 1 0 8 . 3 4 8 4 0 0 O .17 3 5 9 5 E - 1 0 0 . 7 0 7 5 1 0 E + 0 8
0 . 2 3 7 1 0 9 . 3 0 9 4 0 0 O . 1 7 5 1 3 4 E - 1 0 O - 7 1 0508E+08
0 . 2 3 8 1 1 0 - 2 7 5 3 0 0 0 . 1 7 6 6 8 2 E - 10 0 . 7 1 3 5 0 6 E + 0 8
0 . 2 3 9 1 1 1 . 2 4 5 8 0 0 O .1 7 8 2 3 7 E - 1 0 O .7 1 6 5 0 4 E + 0 8
0 . 2 4 0 1 1 2 . 2 2 1 3 0 0 0 . 1 7 9 8 0 0 E - 1 0 0 . 7 1 9 5 0 2 E + O S
0.24 1 1 1 3 . 2 0 1 5 0 0 O . 1 8 1 3 7 0 E - 1 0 0 . 7 2 2 5 0 0 E + 0 8
0 .242 1 1 4 . 1 8 6 6 0 0 O . 1 8 2 9 4 9 E - 1 0 0 . 7 2 5 4 9 8 E + O B
0 . 2 4 3 1 1 5 . 1 7 6 5 0 0 O . 1 8 4 5 3 5 E - 1 O 0 . 7 2 8 4 9 6 E + 0 8
0 .244 1 1 6 . 1 7 1 3 0 0 0 . 1 8 6 1 2 8 E - 1 0 O . 7 3 1494E+08
0 . 2 4 5 1 1 7 . 1 7 0 9 0 0 O . 1 8 7 7 3 0 E - 1 0 0 . 7 3 4 4 9 2 E + 0 8
0 .246 1 1 8 . 1 7 5 5 0 0 O . 1 8 9 3 3 9 E - 1 0 0 . 7 3 7 4 8 9 E + 0 8
0 .247 1 1 9 . 1 8 4 8 0 0 O . 1 9 0 9 5 7 E - 1 0 0 . 7 4 0 4 8 7 E + 0 S
0 . 2 4 8 1 2 0 . 1 9 9 1 0 0 0 . 1 9 2 5 8 2 E - 1 0 0 . 7 4 3 4 8 5 E + 0 8
0 . 2 4 9 , 1 2 1 . 2 1 8 3 0 0 O .1 9 4 2 1 5 E - 1 0 0 .7464 S 3 E + 0 8
0 . 2 5 0 1 2 2 . 2 4 2 4 0 0 0 . 1 9 5 8 5 6 E - 1 0 O . 7 4 9 4 8 1 E + 0 8
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A L P H A  P A R T I C L E S 8 0
Beta E n e r g y E n e r g y V e 1oci ty
(v/c ) ( MeV ) ( joule) ( m / s  )
0.251 1 2 3 . 2 7 1 5 0 0 O .1 9 7 5 0 4 E - 1 0 O -7 5 2 4 7 9 E + 0 8
0 . 2 5 2 1 2 4 . 3 0 5 5 0 0 O . 1 9 9 1 6 1 E - 1 O O .7 5 5 4 7 7 E + 0 8
0.253 1 2 5 . 3 4 4 4 0 0 O .2 0 0 8 2 5 E - 1 0 O .7 5 8 4 7 5 E + 0 8
0.254 1 2 6 . 3 8 8 3 0 0 0 . 2 0 2 4 9 8 E - 1 0 0 . 7 6 1 4 7 3 E + 0 8
0 .255 1 2 7 . 4 3 7 1 0 0 0 . 2 0 4 1 7 8 E - 1 0 O. 7 6 4 4 7  lE-t-Oa
O . 2 56 1 2 8 . 4 9 1 0 0 0 O . 2 0 5 8 6 7 E - 1 O 0 . 7 6 7 4 6 9 E + 0 8
0.257 1 2 9 . 5 4 9 8 0 0 0 . 2 0 7 5 6 3 E - 10 0 . 7 7 0 4 6 7 E + 0 8
O . 258 1 3 0 . 6 1 3 6 0 0 0 . 2 0 9 2 6 8 E - 1 0 O .7 7 3 4 6 4 E + 0 8
0-259 1 3 1 . 6 9 2 5 0 0 0 . 2 1 0 9 8 0 E - 1 0 O .7 7 6 4 6 2 E + 0 8
0 . 2 6 0 1 3 2 . 7 5 6 4 0 0 0 . 2 1 2 7 0 1 E - 1 0 0 . 7 7 9 4 6 0 E + 0 S
0.261 1 3 3 . 8 3 5 3 0 0 O . 2 1 4 4 3 0 E - 1 0 O .7 8 2 4 5 8 E + 0 8
0 . 2 6 2 1 3 4 . 9 1 9 3 0 0 0 . 2 1 6 1 6 6 E - 1 0 O .7 8 5 4 5 6 E + 0 8
0. 263 1 3 6 . 0 0 8 4 0 0 O . 2 1 7 9 1 l E - 1 0 O .7 8 8 4 5 4 E + 0 8
O . 264 13 7 . 1 0 2 5 0 0 0 . 2 1 9 6 6 4 5 - 1 0 0 . 7 9 1 4 5 2 E + 0 8
0 . 2 6 5 1 3 8 . 2 0 1 7 0 0 0 . 2 2 1 4 2 5 E - 1 0 O .7 9 4 4 5 0 E + O S
0 . 2 6 6 1 3 9 . 3 0 6 0 0 0 O .2 2 3 1 9 5 E - 1 O O .7 9 7 4 4 8 E + 0 8
0.267 1 4 0 . 4 1 5 4 0 0 0 . 2 2 4 9 7 2 E - l O 0 . 8 0 0 4 4 6 E + 0 8
0 . 2 6 8 1 4 1 . 5 3 0 0 0 0 0 . 2 2 6 7 5 8 E - 1 0 0 . 8 03444E+08
0 . 2 6 9 1 4 2 . 6 4 9 6 0 0 0 . 2 2 8 5 5 2 E - 1 0 0 .8064 4 2 E + O 8
0 . 2 7 0 1 4 3 . 7 7 4 5 0 0 0 . 2 3 0 3 5 4 E - 1 0 0 . 8 0 9 4 4 0 E + 0 8
0.271 1 4 4 . 9 0 4 5 0 0 0 . 2 3 2 1 6 4 E - 1 0 0 . 8 1 2 4 3 8 E + 0 8
0 . 2 7 2 1 4 6 . 0 3 9 7 0 0 0 . 2 3 3 9 8 3 E - 1 0 O .8 1 5 4 3 6 E + 0 8
0 .273 1 4 7 . 1 8 0 0 0 0 O .2 3 5 8 1 0 E - 1 0 0 . 8 1 8 4 3 3 E + 0 8
0 .274 1 4 8 . 3 2 5 5 0 0 0 . 2 3 7 6 4 6 E - 1 0 0 . 8 2 1 4 3 1 E + 0 8
0.275 1 4 9 . 4 7 6 3 0 0 0 . 2 3 9 4 8 9 E - 1 0 O . 8 244298+08
0 . 2 7 6 1 5 0 . 6 3 2 3 0 0 0 . 2 4 1 3 4 1 E - 1 0 O .8 2 7 4 2 7 E + 0 8
0.277 1 5 1 . 7 9 3 5 0 0 0 . 2 4 3 2 0 2 E - 1 0 0 . 8 3 0 4 2 5 E + 0 8
0 . 2 7 8 1 5 2 . 9 5 9 9 0 0 0 . 2 4 5 0 7 1 E - 1 0 O .8 3 3 4 2 3 E + 0 8
0.279 1 5 4 . 1 3 1 7 0 0 0 . 2 4 6 9 4 8 E - 1 0 O .8 3 6 4 2 1 E + 0 8
0 . 2 8 0 1 5 5 . 3 0 8 7 0 0 0 . 2 4 8 8 3 4 E - 1 0 O . S 3 9 4 1 9 E + O 0
0.281 156.49 1000 0 . 2 5 0 7 2 8 E - 1 0 0 . 8 4 2 4 1 7 E + 0 8
0 . 2 8 2 1 5 7 . 6 7 8 6 0 0 O .2 5 2 6 3 1 E - 1 0 0 . 8 4 5 4 1 5 E + 0 9
0 .283 1 5 8 . 8 7 1 5 0 0 O .2 5 4 5 4 2 E - 1O 0 . 8 4 8 4  13E+08
O . 284 1 6 0 . 0 6 9 7 0 0 0 . 2 5 6 4 6 2 E - 1 0 O . 8 5 1 4 1 1E+08
0.285 16 1 . 2 7 3 3 0 0 O .2 5 8 3 9 0 E - 1O 0 . 8 5 4 4 0 8 E + 0 8
0 . 2 8 6 1 6 2 . 4 8 2 2 0 0 O .2 6 0 3 2 7 E - 1O O . 8 5 7 4 0 6 E + 0 8
0 .287 1 6 3 . 6 9 6 5 0 0 O .2 6 2 2 7 3 E - l O O .8 6 0 4 0 4 E + 0 8
0 . 2 8 8 1 6 4 . 9 1 6 2 0 0 0 . 2 6 4 2 2 7 E - 1 0 O . 8 6 3 4 0 2 E + 0 8
0.289 166.14 1300 0 . 2 6 6 1 9 0 E - 1 0 O. 8 6 6 4 0 0 E  + 08
0 . 290 1 6 7 . 3 7 1 7 0 0 0 . 2 6 8 1 6 1 E - 1 0 O . S 6 9 3 9 8 E + O S
0.291 1 6 8 . 6 0 7 7 0 0 0 . 2 7 0 1 4 1 E - 1 0 O .8 7 2 3 9 6 E + 0 8
0 . 2 9 2 1 6 9 . 8 4 9 0 0 0 0 . 2 7 2 1 3 0 E - 1 0 0 . 8 7 5 3 9 4 E + 0 8
0.293 1 7 1 . 0 9 5 8 0 0 O . 2 7 4 1 2 8 E - 10 0 . 8 7 8 3 9 2 E + 0 8
0 . 294 1 7 2 . 3 4 8 1 0 0 0 . 2 7 6 1 3 4 E - 1 0 0 . 8 8 1 3 9 0 E + 0 8
0.295 1 7 3 . 6 0 5 8 0 0 0 . 2 7 8 1 4 9 E - 1 0 0 . 8 8 4 3 8 8 E + 0 8
0 . 2 9 6 1 7 4 . 8 6 9 1 0 0 0 . 2 S 0 1 7 3 E - 1 0 0 . 8 8 7 3 8 6 8 + 0 8
0.297 1 7 6 . 1 3 7 8 0 0 0 . 2 8 2 2 0 6 E - 1 0 O .8 9 0 3 8 4 E + 0 8
0 . 2 9 8 1 7 7 . 4 1 2 1 0 0 0 . 2 8 4 2 4 8 E - 1 0 0 . 8 9 3 3 8 2 E + 0 8
0.299 1 7 8 . 6 9 1 9 0 0 0 . 2 8 6 2 9 8 E - 1 0 0 . 8 9 6 3 7 9 E + 0 8
0 . 3 0 0 1 7 9 . 9 7 7 3 0 0 O . 2 8 8 3 5 8 E - 1 0 0 . 8 9 9 3 7 7 E + 0 8
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Figure of proton kinetic energy vs. its Beta
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Figure of alpha particle kinetic energy vs. its Beta
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